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WELCOME AND CONFERENCE OPENING
Ladies and" Gentlemen,
This is the 20th year in which those with an interest in agricultural economics in New Zealand
have met at Conferences such as this. Until recently, we met as the New Zealand Branch of the
Australian Agricultural Economics Society. Two years ago, we reconstituted ourselves as the
New Zealand Agricultural Economics Society. It gives me great pleasure as President of the
New Zealand Agricultural Economics Society to welcome you to our 2nd Annual Conference.
Over the last 20 years, many changes have occurred in New Zealand agriculture, and the
implications of these have been discussed at our Conferences. Last year, we took the
opportunity to reflect on the deregulatory changes which had occurred between 1984 and 1994;
changes which have absorbed much of our thinking and focus over the last decade. This year,
we are turning our attention to another trend which has been gaining momentum over the same
period; the rise of environmentalism.
With increasing global environmental awareness has come increased consumer expectations for
environmental quality in production processes. At the same time, there has been a proliferation
of domestic policies in New Zealand's agricultural markets targeting the protection of the
environment, and these will impinge in various ways on our trade. Within New Zealand, there
has been increasing pressure for our own agricultural sector to address issues relating to the
environmental effects of production systems. In a paper given at this Conference two years ago,
Stuart Morris identified these three trends. I would like to make reference to some of the points
he made at that time.
The growth of green consumers has led to a growth in demand for green products, with
consumers being prepared to pay a premium for products produced in an environmentally
friendly way. This raises the question of the degree to which the green market can be managed
to provide the necessary incentives for producers to change to more environmentally friendly
agricultural practices.
Associated with this is the issue of quality assurance. Overseas consumers are becoming
skeptical about unsubstantiated environmental claims, and quality systems are required which
provide consumers and trading partners with the assurance they demand about the environmental
quality of agricultural products from New Zealand.
(i)
The trade effects of overseas domestic environmental policies are also of concern In Europe, the
instruments of support for farmers are shifting from product price support to direct and indirect
income support. Indirect support can be in the form of payments for environmentally acceptable
or sustainable farming. Such agro-environment polices have implications for exporting nations
such as New Zealand. They are exempt from the support reduction commitments of the GATT
Agreement and pose a potential trade threat.
Within New Zealand, pressure from environmental interests led to the Resource Management
Act of 1991. The aim of this Act was to promote the sustainable management of natural and
physical resources. Its operation and impact has since become a source of great debate.
At a more general level, various measures and economic instruments can be used to achieve
sustainable agricultural systems. These can include knowledge generation, improved information
flows, rural adjustment assistance, institutional change, pricing mechanisms, transferable property
rights, pollution charges, subsidies, income tax measures and direct regulation. There has been,
and will continue to be, much debate on which of these approaches are appropriate for the New
Zealand situation.
Over the next two days, many of these issues, and others as well, will be traversed. We are
privileged to have a talented array of invited speakers to assist us in this. I would like to
welcome them specifically along with the presenters of contributed papers and in particular,
those of you who are first time presenters at this Conference.
Finally, I extend an invitation to you all as participants to listen, question, learn, interact and
above all else to have a good time! On that note, I declare this Conference open and welcome
our two invited speakers for the first plenary session.
Dr Sandra Martin
1995 President
New Zealand Agricultural Economics Society
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New Zealand Society of Agricultural Economics
1995 AGM
Presidents' Report
Dr Sandra Martin
:This has been another busy year for the Branch Committee. In December 1994, I attended
the Minister of Agriculture's GATT Conference at the Beehive in Wellington as the
NZAES representative. This was an important step for the Society as it marks a
recognition that we have a contribution to make as a professional body.
In similar vein, we continued our representation on the NZQA Advisory Group on
Economics. During the year, Margaret Wheatstone stepped down as our representative
and Dr Chris Gan from Lincoln University took over. I would like to thank Margaret for
her work on the Society's behalf and welcome Chris to the position.
Another notable event in the Society's calendar was the award of our student prizes.
Fiona Duncan from Massey University was awarded the AAES undergraduate prize, and
Ngenang Jangu from Lincoln University was given a postgraduate award. I extend our
congratulations to those two recipients.
I attended the AAES Conference in Perth in February 1995 and chaired an invited paper
session in my capacity as President of the New Zealand Agricultural Economics Society.
While there, both Robin Johnson and myself attended the Council Meeting. A mixup in
times meant I missed an earlier teleconference Council Meeting. In May, I was asked if I
would be willing to be a member of the AAES Nominating Committee for Incoming
President. I agreed, which meant that I had to step down as Council Member. Dr Ram
Sri Ramaratnam, our President-Elect, then took over as New Zealand's Council Member.
An important issue for the AAES at the moment is a potential name change to include
Resource Economics in the title. New Zealand continues to have a high profile within the
AAES with Robin Johnson as Editor if the Review of Marketing and Agricultural
Economics.
Much of the Committee's emphasis this year has been on Conference planning with the
objective of running a well organised and attended Conference with high calibre invited
speakers. We have investigated way of maintaining and improving standards of
contributed papers. Committee meetings were all by teleconference which worked well.
We have been joined this year by the Farm Management Group and we welcome their
participation.
Finally, I would like to extend my thanks to all the outgoing Committee members.
Everyone worked hard and willingly which made the job of President much easier.
(iii)
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ECONOMIC INCENTIVES AND
ENVIRONMENTAL MANAGEMENT
Anthony H. Chisholm·
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Annual Conference, 30 June to 1 July. Blenheim.
* Anthony Chisholm is Head of the School of Agriculture and Professor of Agricultural and
Resource Economics, La Trobe University, Melbourne. Phone (03) 9479 2356,
Fax (03) 9479 2669.
ECONOMIC INCENTIVES AND
ENVIRONMENTAL MANAGEMENT
Introduction
Cornmand-and-control modes of regulation have dominated environmental protection
policies since the inception of government intervention in environmental management
However, during the last two decades a significant trend has emerged in the method of
environmental intervention toward the use of economic incentives. A vast literature has
emerged on the evolution and alternative types of environmental controls, including the use of
economic incentives. In some respects, the literature in the environmental arena, forms a part
of a much larger stage in which the whole way of thinking about the role of government and the
management of public organisations is changing. In many countries of the world, there is
essentially a "re-inventing government" movement New Zealand has been at the forefront of
this movement and thus the interest in this country in the potential for market-based approaches
to environmental management is hardly surprising.
Interest in market-based instruments has grown as the costs and limits of the traditional
cornmliIld-and-control approach to environmental protection have become evident It is now
clear that the latter approach, by itself. is often administratively complex and costly and over the
long-run. is likely to stifle technological innovation. The interest in market-based incentive
programs for environmental management is not restricted to OECD countries on which much
has been recently written (OECD, 1989; 1991; 1992; 1993; 1994a; 1994b; 1994c; 1994d). The
Russian pollution charge program initiated in 1991, covering hundreds of pollutants, is
arguably the most ambitious use of a national economic-incentive based pollution control
program in the world. Remarkably, Russia is adopting this pollution charge system during the
painful transaction to a market ect;>nomy (National Academy of Public Administration, 1994).
Following this introduction. the characteristics of truly efficient solution to the pollution
problem are outlined. Second, the efficiency characteristics of the major policy instruments for
Figure 1. Optimal Pollution Abatement
pollution control in a world of costly infonnation are reviewed. An extension of the discussion
with an explicit focus on instrument choice under uncertainty is contained in the Appendix.
Third, two case studies of Australia's experience with economic incentives for environmental
(conservation) management are reviewed in some depth, namely tradeable water entitlements
and the conservation incentives provided under the National Landcare Program. Examples of
tradeable pollution rights aimed at reducing s.alt entering a major river system and enhancing
river flow and the use of a special environmental levy by the Sydney Water Board area are also
briefly reviewed.
The case study focus in the paper is thus on land and/or water intensive activities. For a
recent study of economic instnunents in other Australian contexts, such as user charges for
waste treatment, container deposit legislation, and a product charge for ozone depleting
substances see James (1993).
$
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Efficient solution to the pollution problem
An efficient solution to the pollution problem would be one which attained an optirnal
level of clean environment (pollution) both now and over time, at least social cost I The
optimal level of pollution is shown in Figure I at point Q, where marginal damages are equated
with marginal abatement costs. In the absence of government intervention, the level of
pollution would be OB. It is pertinent to note that at the optimal level of pollution (or pollution
abatement) occurs at the point where the sum of pollution damages (the horizontally hatched
area OAQ) plus pollution abatement costs (the vertically hatched area BAQ) is at a minimum.
A number of conditions would be met, or approximately met, depending upon administrative
costs for an efficient solution to a pollution problem.
(i) Intersource efficiency: the marginal costs of pollution abatement will be equal
for all pollution sources within a homogeneous area. When marginal costs of
cleanup are unequal it is possible to reduce aggregate cleanup costs by
rearrangement of cleanup levels among polluting sources.
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(ii)
(iii)
Intrasource efficiency: each polluter's marginal costs of cleanup will be equal
across all methods of pollution abatement A perfect balance will be struck
between a finn investing in pollution control equipment, recycling residuals,
changing its production processes, altering its product-mix, or moving to
another location.
Dynamic efficiency: A continuous incentive through time will be provided for
technological change and adaptation towards more efficient ways of controlling
pollution.
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It is apparent that to attain a truly efficient solution by direct controls an environmental
agency would require, among other things, detailed knowledge of the least-cost method of
pollution cleanup for each and every polluter as well as the cost to pollutees of taking
~ ameliorative or preventitative actions.
At the heart of the choice between alternative pollution policies are the issues of
information costs and uncertainty. Economists favour the use of market-based incentives
essentially because they make lower informational demands on the environmental agency than
do direct controls. If an environmental agency could acquire perfect information at zero social
cost the alternative pollution control instruments - including direct controls - would be
equally efficient In the real world though information is costly, and imperfect. Uncertainty,
relating to knowledge about both pollution damages and abatement costs, permeates
environmental policy making. Any realistic consideration of the merits of alternative pollution
control instruments should take account of the problems of costly information and uncertainty.
of very imperfect information and the resulting solution will typically rate a low score in terms
of meeting the ideal conditions for an efficient solution. The system of fixed pollution quotas,
implied by direct controls, could be made considerably more efficient by permitting pollution
rights to be freely traded among polluters.
PollutionQo
T
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Marketable pollution quotas
There are two ways in which a marketable (transferable) quota scheme could be
initiated, both of which involve the agency first setting an environmental standard. First, the
pollution quotas could be initially allocated by auction and thereafter made freely transferable.
Each polluter would seek to bid for a bundle of pollution rights which would enable it to equate
its marginal cleanup costs with the quotas price. The revenue raised from the auction of
pollution rights is shown as the shaded rectangle in Figure 2.
The administrative costs, comprising mainly information costs and monitoring
and enforcement costs, will not be excessive. Importantly, the solution adopted
should not impose more costs on society than the problem being solved.
The cost to pollutees (victims) of taking action to reduce the damages inflicted
upon them will be, at the margin. equal to the marginal costs of reducing
pollution at its source. People may, for example, install sound insulation or air
conditioning equipment in their homes and offices, build a private or
community swimming pool rather than use "natural" waterways. instal a water
purification system, change their residential location or change the location of
their land-use activity if it is a victim of pollution.
(iv)
(v)
Instrument Choice with Costly Information
The direct regulation of emissions from each polluting source can be viewed as a
system of fixed quotas (rights). This policy place& large informational and administrative
demands on the environmental agency. In most circumstances the agency will act on the basis
Figure 2. Revenue from Pollution Rights Auction
Second. pollution quotas could be initially distributed free to polluters and then polluters could
trade in quotas. With the creation of a transferable quota market, polluters with high marginal
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cleanup costs would buy additional pollution rights from firms with low marginal cleanup
costs. In market equilibrium, the marginal cleanup costs of all polluters would be equated to
the market determined price of pollution rights. This price would reveal 10 government the
marginal social cost of attaining the environmental standard it has established. In contrast to
fixed pollution rights (direct controls), a system of marketable pollution rights fully attains the
intersource, intrasource and dynamic efficiency conditions. An essential requirement for an
efficient market to be established in pollution quotas is, of course, that the number of polluters
be sufficiently large to ensure that each polluter is a price-taker (competitive bidding). It should
be noted that wherea~ marketable pollution quotas provide a full incentive for technological
innovation in pollution control the fIXed quotas implied by direct regulations do not. The latter
do not provide a spur to technological innovation that could attain greater pollution abatement
than that specified by the fixed quotas, relatively cheaply.
The Emissions Trading Program for control of air pollution in the United States has a
curious sounding collection of provisions, including 'Bubbles, Banking, and Offsets'. The
U1 important point is that the provisions permit the exchange of discharges of pollutants among
sources so that the scheme is effectively a system of marketable pollution quotas. The 'bubble'
provision, for example, is limited to the treatment of multiple sources of emissions within a
firm or plant. Instead of meeting fixed limits on each emission source under the bubble, the
firm is free to determine the cost-minimizing pattern of abatement among source subject to an
overall emissions constraint The Offset provision effectively amounts to an extension of the
bubble to encompass interfirm trading of quotas.
Emissions tax
A tax levied at a rate, T, per unit of emissions would, like a marketable quota scheme,
attain the environmental standard shown in Figure 2, at least social cost The tax revenue
collected is equal to the revenue which would be raised by auction of pollution rights. To attain
a given environmental standard in 'one shot' with an emissions tax, an agency requires
complete information on the marginal cost of cleanup (MCC) function. The agency could
proceed by alternatively 'feeling out' the correct tax rate by successively announcing a tax rate
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and then revising it in the light of polluters' response. However, it seems likely that much
investment in pollution control takes some years to plan and implement and is costly to change
once completed. In these circumstances, the response by polluters to subsequent changes of
tax rates will be heavily dependent upon the historic pattern of tax rates and the time path
toward an equilibrium is likely to be prolonged and costly. For this reason, most economists
believe that an emissions tax should be of a 'one shot' nature. The analysis in the Appendix to
the paper dealing with uncertainty is based on this assumption.
To this point, we have not explicitly considered the problem of spatial variation in the
capacity of the environment to disperse or assimilate emissions. A major advantage claimed for
a uniform tax is its low administrative costs because discrimination among individual pollution
sources is not required to ensure an efficient outcome. But if emissions contribute more to
pollution in some areas than in others the tax rate should be correspondingly higher in 'bad'
areas. Clearly, if there are numerous pollution sources in a region, and a separate tax rate has
to be assessed for each, the tax loses some of its administrative advantage. The practical
application of a tax would most likely involve making a fairly broad cut at discriminating
among pollution sources in a region (Fisher, 1981, Ch.6).
In principle, a tax or marketable pollution quotas should be equally efficient in handling
spatial variation. A higher tax rate may be set in 'bad' areas, or, fewer quotas could be made
available. But Baurnol and Oates (1988) claim that the use of quotas to attain spatial variations
is likely to be more politically acceptable than taxes. In this respect, the legislative and political
disadvantage of taxes is perhaps more marked when the time distribution, rather than the spatial
distribution, ofemissions is being manipulated.
Both the quota and emissions tax approaches require the control agency to set an
environmental standard. To set the optimum environmental standard, an agency would require
complete information ;>n the ma:ginal damage (MD) function and the marginal cost of cleanup
(MCC) function. An agency is unlikely to ever have such perfect information and inevitably
the environmental standard will be set on rather arbitrary grounds. In this respect proponents
7
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of a Pigovian tax claim that this tax is superior to all other instruments because it requires
information only on pollution damages and the agency need know nothing about cleanup costs.
Pigovian taxes
A pure Pigovian tax would confront polluters with a full schedule of tax rates that
closely approximate the control agency's estimate of the complete marginal damage function.
In situations where total pollution damages are a linear function of the level of emissions,
marginal damages are a constant and the Pigovian tax schedule would simply be at a fIxed
charge per unit of emissions, regardless of the aggregate level of emissions. All polluters
would reduce their emissions to levels at which their marginal abatement costs were equal to the
tax rate, the optimum level of pollution abatement could be attained at least-eost without the
agency requiring any prior information on abatement costs. A number of important types of
pollution appear to have the characteristic of reasonably constant marginal damages, for
example, airport noise pollution. Airport authorities could levy noise pollution charges such
that the rate of charge was determined by the noise level rating of each plane. The noise
pollution charge would be added to the landing/takeoff charges for each aircraft. The charge
could easily vary depending upon time of landing or takeoff so that the charge would be
substantially higher for early morning and late night landings/takeoffs. Airlines would respond
by modifying aircraft design, changing time patterns of landing/takeoff, and taking other
measures to reduce noise pollution to the point where at the margin abatement costs were
equated with noise pollution charges. Government authorities need know nothing about noise
pollution abatement technology in the airline industry. This problem would be left solely to the
airlines and aircraft manufacturers who are clearly the best-informed parties in the area of
aircraft design and noise abatement technology. The pricing incentive would ensure that the
airline industry strives to attaID any given level of noise abatement at minimum cost.
In circumstances in which marginal damages are reasonably constant over a wide range
the Pigovian tax is an ideal instrument in that it minimizes the information required by
government to attain an optimal level of pollution abatement at least-eost. However, in many
situations marginal damages will be low when small quantities of emissions are discharged into
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clean air or waterways, but as discharge levels increase the damages attributable to additional
increments of discharge become larger. In other words, the total damage function is not linear,
but rather an upward curving (convex to the origin) function of emission levels.
The Pigovian tax schedule would now approximate a damage function in which
marginal damages, and thus the tax rate, are an increasing function of the aggregate level of
pollution. Each polluter now would be compelled to make their own estimate of the tax rate
which would rule, on the basis of their assessment of what the level of marginal damages
would be, after all polluters had implemented their pollution control programs. This, of
course, places a considerable information burden on polluters.
The Pigovian approach to pollution control does not involve the initial setting of an
environmental standard. Rather, the view is that, with knowledge of pollution damages alone,
the imposition of a Pigovian tax will result in the attainment of the socially optimal
environmental standard. Environmental decision making, in practice, usually entails two
distinct steps; the setting of environmental quality standards and the design of regulatory
controls that attempt to achieve these standards. From a Pigovian perspective this dichotomy in
the policy-making process is quite unsatisfactory, but it is the way that decision making
typically proceeds. Appendix 1 to this paper considers the use of marketable quotas and single-
rate emissions taxes in a real-world setting in which an environmental agency aims to attain
environmental standards that have been determined with imperfect information.
The main results of the analysis are ftrSt, if imperfect information applies only to the
marginal damage function it does not influence the choice beteen a tax (price) and quota
(quantity) policy instrument. Second, in situations where there is important information about
the marginal abatement (cleanup) cost function, the choice between a tax or quota control
instrument depends crucially upon the relative slopes of the marginal damage function and the
marginal abatement cost functi?n. In situations where the marginal damage function is steeply
sloped relative to the marginal abatement cost function, a quota instrument will result in less
under or overshooting of the optimum level of pollution abatement than will a tax instrument.
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When the marginal abatement cost function is steeply sloped relative to the marginal damage
function the opposite result applies - a pollution tax is a superior instrument to a quota.
Essentially. emission taxes and quotas result in outcomes under imperfect information
that deviate from the optimum in opposite ways. Taxes bring about too little pollution cleanup
when abatement costs tum out to be higher than expected and they induce excessive cleanup
when abatement costs tum out to be lower than expected. Quotas have the opposite failing.
Since the level of cleanup is predetermined, it will be too high when abatement costs have been
under-estimated and too low when costs have been over-estimated. Appendix I details are a
more sophisticated mixed scheme developed by Roberts and Spence (I CJ76) constructed on the
basis of the above observations.
Finally, it is pertinent to note that public sector agencies (non-profit maximizing) are a
significant source of environmental damage. Most economics literature on environmental
policy, like the present paper. proceeds from the assumption of profit maximizing behaviour by
"'l polluters. Does the compelling case for the use of price-based incentives to control the
polluting activities of private fums apply to government (public) agencies? It is not possible to
give a clear-cut answer to this question as models of bureaucratic behaviour are less developed
than models of economic behaviour of private agents. Oates and Strassmann (1CJ78) have
applied several models of bureaucratic behaviour to examine the likely response of public
agencies for emissions taxes. They concluded ,that taxes can induce significant reductions in
polluting activities and that the use of taxes to control polluting activities of public agencies
should be seriously considered. Although they do not consider the case of marketable pollution
quotas, their results are applicable to this form of price-based incentive.
Input taxes and subsidies
For many types of pollution it is not economically feasible to levy taxes on emissions or
pollution damages. The costs of continuously and accurately monitoring certain forms of
emissions are prohibitive. This applies particularly to dispersed forms of pollution which are
characteristic of some production and consumption activities. The major agricultural sources of
pollution - arising from soil erosion, the use of pesticides and 'run-off from fertilisers - are
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of a diffuse (non-point) nature; in a similar category are the uncontrolled disposal of all forms
of packaging materials, the use of phospha'te additives in detergents used to soften water and
lead additives used in gasoline.
In these sorts of situations. inputs which are easily identified as being strongly linked
with pollution damages are the obvious target for taxes. Taxes could be easily applied to
detergents that contain phosphate additives and gasoline that contains lead additives. With
regard to packaging materials, Kneese (1976) suggests that a charge equal to the average cost
of disposing of packaging materials in an environmentally benign way should be levied. The
charge should be refunded to the extent materials are recycled.
In levying taxes on selected inputs, government needs to be reasonably certain that it is
levying the taxes on those inputs which are, in fact, causing high pollution damages. If it does
not really know, say, in the case of the production of a particular product which input(s) is the
major cause of pollution a product (output) tax is likely to be superior.
A natural response of industry to pollution control is to seek government subsidies.
Subsidies have been granted, particularly in the form of special tax concessions for capital
investment in pollution control equipment. They are attractive to government because the
benefit is concentrated and clearly visible to the recipients while the costs are diffuse and spread
thinly over all taxpayers. There are several major objections to such subsidy schemes. If the
subsidy applies to investment in pollution control equipment which adds to fums costs, but
does not add to their revenues, fums have no incentive to respond to the subsidy unless the
subsidy payment were to exceed the cost of the investment Though fums may be prepared to
incur costs, without explicit revenue offsets, if they believe their public goodwill would be
otherwise damaged.
To the extent that subsidy payments do stimulate investment in pollution control they
will usually cause the intrasource efficiency condition to be violated by biasing abatement
procedures toward investment in pollution control equipment. Finally, and perhaps most
important, subsidy schemes are likely to distort final good prices. Under an efficient
t1
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environmental policy, flJ1a1 good prices for externality-generating products should fully reflect
marginal private costs plus marginal external costs. Subsidies, by reducing the private costs of
pollution abatement, will lead to final good prices of externality-generating products which are
too low, and too much consumption (and production) of these goods will take place.
Land degradation externalities
The non-point nature of the externalities associated with various forms of land
degradation indicate that incentive structures need to target the technology, or management
practice, used rather than attempt to measure the level of external damages generated by
individual farmers. Shortie and Dunn (1986) and Dunn and Shortie (1988) propose the use of
a system of taxes linked to individual management practices. Specifically, farmers would be
confronted with a tax schedule for all possible management practices based on the estimated
marginal damage for each practice.
At present, it is unlikely that we have the knowledge to make the estimates of the
individual damage functions necessary to implement the Shortie and Dunn (1986) proposal.
The considerable errors likely to surround these estimates indicate that it may be undesirable on
economic grounds, and politically difficult, to impose differential taxes on individual farmers in
line with the management practices adopted on their own land.
Another approach would be to apply differential funding to research and development
projects based on their individual propensities to result in land-use induced negative
externalities. Effectively, an ex ante tax would apply to particular technologies. However, a
system of taxes ,that attempts to target research and development technologies that enhance on-
site productivity at the expense of the off-site environment is a rather blunt instrument that
involves considerable uncertainty. This uncertainty stems from difficulties in predicting the
outcomes of research and the need to relate technology to regional and farm specific
characteristics (Hone 1994).
"Technology that generates enormous problems in one region may be harmless or even
reduce externalities in other areas. Moreover, by its very nature, the results of research are
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very difficult to predict. This applies to the overall success but also to its applicability to
particular industries and locations and the nature of the factor bias involved" (Hone op.cit.
p.346).
The difficulties of estimating optimal non-point source pollution taxes likely partly
explains the widespread use of subsidies to deal with this form of externality. While a system
of subsidies requires at least as much information as a system of taxes, it has greater political
acceptability. From a political viewpoint, the burden of such subsidies is disguised within the
tax system and farmers are likely to be less aggrieved by differential subsidies than differential'
taxes. Indeed, because of the uncertainty commonly associated with linking external damages
to particular non-point sources a system of taxes would be likely to face legal challenges.
Clearly, information problems pose the greatest barrier to finding an appropriate policy
instrument to control non-point source pollution. The system of differential technology specific
taxes proposed by ShortIe and Dunn op.cit. is conceptually appealing, but hard to apply in
practice. The case for manipulating research and development funding on the basis of possible
non-point source externality impacts appears to be weak. Subsidies tend to distort individual
land user's perspective on the true shadow price of land and disguise the need of obtaining
accurate estimates of damage functions (Hone op.cit.). A high priority should be given to
further research aimed at providing improved information on marginal external damage costs of
rural land use activities.
Tradeable Resource Rigbts
The major examples of tradeable rights for the use of natural resources in Australia are
tradeable rights for water use and ·tradeable quotas for fisheries and forestry.
Tradeable rights in water use are commonly described in Australia as tradeable water
entitlements (fWEs). A number of fairly comprehensive reviews and surveys of the use of
lWEs in Australia have been undertaken (see, for example, Industry Commission 1992;
Delforce et.a/. 1990; and Pigram et.a/. 1992). Legislative provisions for lWEs have been
introduced in Victoria, New South Wales, South Australia and Queensland. Trial schemes
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have also been inttoduced in Western Austtalia and Tasmania. The main rationale for
introducing TWEs is that, as an input to production activities, water will be allocated to those
activities providing the highest marginal revenue products on water inputs.
Tradeable water entitlements in Victoria
The Rural Water Corporation of Victoria was established as a successor to the Rural
Water Commission in July 1992 and provides an interesting case study of a water authority
which has implemented a system ofTWEs.2 The Rural Water Corporation of Victoria has as
its primary mission the sale of water and related services (eg. salinity mitigation and drainage)
through rural Victoria for irrigation, stock and domestic, residential, industrial, recreational,
environmental and other beneficial uses. A major resource problem identified at the outset by
the Rural Water Corporation was the existing inefficient allocation of water resources. To
address this problem, permanent transferable water entitlements were introduced in Victoria in
1992. The primary goal of adopting TWEs is to improve agricultural productivity through the
\0 more efficient allocation of irrigation water. There are also a number of secondary objectives
associated with the introduction of TWEs in conjunction with broader water policy reforms.
These include, the provision of an adjustment mechanism for land holders to consolidate their
holdings; the provision of a realisable asset that irrigators can trade separately from farmland,
thus enabling farmers who wish to leave the irrigation industry due to changing economic or
resource (such as salinisation) conditions to do so; and the more efficient and flexible allocation
of water, coupled with cost recovery, will help in identifying which existing irrigation
infrastructure can be economically repaired and maintained, replaced or abandoned.
In Victoria, there are two tiers of water allocation. The first tier deals with how bulk
entitlements of water are allocated between authorities responsible for water distribution such as
the Rural Water Corporation, water boards, and sewerage agencies. The second tier is
involved with allocating water within each use once the bulk allocations have been made. The
focus here is on the second tier of allocation, in particular, the allocation within the irrigation
sector which accounts for around 75 per cent of total water use.
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Implementation of TWEs required a changed to the legal framework. Previous water
legislation tied water use under an irrigation licence to a particular parcel of land.
Implementation of TWEs broke this link which necessitated changes to state regulations relating
to water use. A new act, the Water Act 1989, was proclaimed in December 1990 in order to
implement a system of TWEs. The act allows for a system of water entitlements which
consists of licenses, water rights and bulk entitlements. Licences entitle holders to draw water
direct from a river and can be transferred only with other licence holders. Water rights are
rights to water within an Irrigation District and can be traded accordingly. Bulk water
entitlements can be held only by Water Authorities. Water rights cannot be traded for licences
or vice versa. There is no provision in current legislation for intersectoral transfers to other
non-irrigation users. Trades can only occur within the same supply system and they are subject
to approval from the Rural Water Corporation.
The earlier inttoduced temporary water transfers have been retained, as by permitting
transfers only within seasons they are considered to serve a distinct seasonal demand market.
Permanent transfers are for the life of the entitlements, which is unlimited for water rights and
fifteen years for water licences, but with the expectation that they will be reissued at the end of
this period (Hill, 1992). Permanent transfers serve the needs of farmers wishing to undertake
farm improvements and expansion of activities, or those wishing to leave the irrigation sector.
A number of restrictions are currently placed on both temporary and permanent
transfers of water entitlements. Transfers must not significantly affect delivery and drainage
channel capacity, or cause any other environmental impacts, such as salinity. For permanent
transfers, written approval must be obtained from vested interests such as banks, all owners
and any lessees or sharefarmers (Pilgram et.a/. 1992).
Stock and station agents act as brokers for transfers. There are no restrictions on the
volume of water which can be transferred, but owners must retain stock and domestic
allocations of water. Transfers may occur, by agreement to outside district holdings which are
capable of being supplied through existing irrigation works, or new works if approved by a
regional manager (Langford and Foley 1990). Interstate transfers would be a natural extension
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of TWEs. However, a number of impediments to trade exist The states are at different stages
of development of water entitlements and have different subsidy regimes for irrigation water.
Consequently, from a national perspective, inefficient interstate trade in water may occur.
Despite such impediments, the fIrst temporary transfer (sale) of water between states occurred
in 1992 between water users in Victoria and the NSW Murray region (ABARE 1993).
Between 1987-88 and 1991-92, the volume of intradistrict temporary water transfers
doubled despite the high level of water allocations o~er this period. For the same period,
interdistrict temporary transfers increased nearly tenfold. However, despite substantial growth
in water trade, the proportion of water traded (either temporarily or pennanently) for the 1992-
92 irrigation season represents only 1.2 per cent of the total water delivered. Wet conditions in
the early 1990s resulted in high water allocations to irrigators which woulrl have reduced
demand for transfers.
Simmons, Poulter and Hall (1991) cite an earlier study by Germish (1984), who
estimated that a 1 per cent transfer of total water deliveries would provide an annual net gain for
Victorian producers of $2.5 million (1990 dollars). The main distributional effects, reported by
the Rural Water Corporation, have been a movement of water entitlements away from mixed
farming and towards dairy fanning, away from saline to less saline areas and from poorer to
more profitable farmers. Some regional communities are concerned about the structural
adjustments associated with any widespread return to dryland agriculture and a possible
shrinking of the local tax base with implications for local infrastructure and service industries.
Likewise, mortgage holders, such as banks, are concerned that farmland values will fall after
water is transferred.
A number of constraints and practical limits to TWEs growth in Victoria have been
identified (Langford and Foley 1990). First, there are capacity limits on the irrigation system
itself. The rights of irrigators must not be reduced by overloading of a channel, thus lowering
their standard of service. Second, the existence of negative externalities of trade, such as
adverse environmental effects, including stream flow and drainage impacts and salinity effects,
must be taken into account. Third, potential gains may not be realised because bulk water
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trading between regions is not pennitted, largely due to a number of impediments that need to
be overcome associated with accounting for differences in supply security, in-stream losses and
salinity. Read Sturgess and Associates (1991) developed a linear programming model to
analyse the effects of unconstrained bulk water trade between all fourteen sub-regions in
Victoria. They concluded that such a system could result in some 8 per cent of entitlements
being traded, at a clearing price of $72 per megalitre (1990 dollars) and generating an increase
in aggregate gross margins of $12 million annually.
The different subsidy regimes on water between states in seen by the Rural Water
Corporation as being a major impediment to developing efficient interstate trade in water. If
trade occurs between two states operating under different subsidy regimes, a nationally efficient
allocation of water will not be achieved.
There is scope for improvement in the operation ofTWEs by more precisely defming
what the entitlement is. For example, the timeliness and reliability of delivery are issues that
need to be more clearly specilled. The need for agency approval of all transfers adds to
transactions costs and thus reduces participation. Restrictions placed by governments such as
not allowing transfers between water right holders and licence regions and with non-
agricultural users, further limits market participation and hence efficiency gains.
Third party (external) effects of TWEs pose a currently unresolved problem. Ideally.
these effects should be incorporated into the agreement so that all the benefits and costs of trade
are taken into account in the decision to trade, or not to trade. In the United States, return
flows from irrigation are an important resource to third parties. and the introduction of TWEs
has led to signillcant litigation by the affected third parties. In Australia, third party effects are
more typically of an environmental nature. And to address such problems, the Rural Water
Corporation has itself retained the power to monitor and to intervene in the market That is to
say, transfers are not approved ~here in the Rural Water Corporations judgement the trade
would have adverse spillover environmental effects. An alternative arrangement would be one
in which an environmental agency participates in the market for TWEs to ensure that
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environmental values, such as minimum river flows and the needs to riparian zone forests and
wetlands are maintained.
In Australia in recent years, there has been increasing concern over declining rural water
quality, particularly the effects of increased salinity and nutrient concentrations. and
deterioration of riverine environments. The environmental problems are commonly linked with
either regulation of natural water flows or the increase in extractive uses of water (Collins and
Scoccirnarro 1995). For example, two-thirds of the natural water flow through Australia's
largest river - the Murray - is abstracted for use (MDBC 1990).
Government bodies at the federal and state levels have considered the potential role of
water allocations for environmental purposes in the development of water quality management
strategies (ANZECC and ARMCANZ 1994 and MDBC 1994). The recently released
strategies. contained in these documents. recognise the interdependencies between water
abstractions and in-stream water quality. However, the commitments to environmental
allocations are broad and the required balance between environmental allocations and alternative
methods of achieving water quality and riverine goals are indeterminate (Collins and
Scoccimarro op.cit.).
Of probably more immediate significance will be the further development and
refinement of water property rights. The Industry Commission (1992) and the Council of
Australian Governments' (Working Group on Water Resource Policy 1994) both contain
recommendations for the need for states to develop expanded property rights for water.
including water. entitlements for environmental purposes. The states are currently responding
to these recommendations. For example, in New South Wales a system of environmental
contingency allocations is being developed, whilst in Victoria bulk entitlements for user
groups. including an environmental category, are being developed.
I now focus on issues in the creation of property rights in water for environmental
purposes. A clear defmition of property rights in water use would include the specification of
volumes that can be used by each right holder (including return flows). the reliability of supply
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(including the specification of supplies under different states of nature), the quality of water in
both spatial and temporal tenns, and conditions relating to the transferability of water rights.
The rights to Australia's water resources generally do not meet the above conditions.
Rather than private property rights, access has been granted to water users through an array of
licences, water rights, regulations and river management policies. While in recent years most
licences and rights have been expressed in volumetric tenns, and are transferable in some
instances, the reliability of these allocations is uncertain and open to administrative change.
Tenure is typically unclear and water quality is rarely defined. Furthennore. ceilings on the
allocation of new water entitlements do not necessarily prevent extractive use of water
resources from continuing to increase. Currently, the potential activation of 'sleeper' licences
- that is, water entitlements for which licences have been granted but for which extraction has
not occurred poses a particular problem.
The current lack of well defined property rights for the use of water resources is a
problem for environmental management Moreover. the impact of any changes to current
allocations of regulated supplies to reduce extractive use and increase flows for environmental
purposes, may have unintended and anomalous consequences. Collins and Scoccirnarro
op.cit. cite the modelling undertaken by McCoster (1994). This research indicates that for the
Gwydir wetlands in NSW. introduction of an environmental contingency water entitlement by
reducing regulated supplies to existing entitlement holders will result in increased diversions of
below dam unregulated tributary inflow and hence result in an overall reduction in the supply of
water for environmental use. A similar problem has been experienced by the water
management plim for the Macquarie Marshes in NSW which has been in operation since 1986.
The plan incorporates a volumetric environmental allocation for maintaining the marshes.
However. a recent perfonnance review of the plan concluded that it was difficult to determine
whether or not the plan has or will have any effect in ensuring that the marshes actually receive
greater water flows (NPWS 1994 and DWR 1994).
Clearly, the problem of environmental management will not be adequately resolved until
knowledge is obtained of the water rights structure. and of the physical nature of the resource
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and the inter-relationships with environmental quality. This knowledge is an essential pre-
requisite for the full definition of water resource property rights, without which the
determination of environmental allocation policy will continue to be significantly constrained.
If it is considered to be in the public interest to reduce water use by current extractive
users most notably irrigators, and transfer this water to environmental uses, the economic
efficiency and equity effects will depend on the nature of the mechanism adopted for
reallocating water from current users to 'new' environmental uses.
New environmental water allocations could be created in a number of ways including
via administratively making new allocations, by changing operating rules for water extraction
by current users, through volumetric taxes on water market transfers, or through the purchase
of allocations from current users. I briefly focus on the latter two policy instruments. A
volumetric reduction on water entitlement transfers could be imposed and these 'taxed' volumes
could be reallocated for use as environmental allocations. The tax would increase transaction
~ costs and thus reduce transferable water entitlement prices, and hence the capital value of rights
held by all irrigators.
A perceived major shortcoming of this tax mechanism is that it does not provide any
certainty that goals for new environmental objectives will be met The level of tax obtained is
dependent on the extent of water trading after the imposition of the tax. It would be a difficult
empirical problem to estimate necessary tax rates on forecast trades to attain a predetennined tax
outcome (Collins and Scoccimarro op.cit.).
An alternative procedure for creating new environmental water allocations would be
through a public agency purchasing transferable entitlements on water markets. This
mechanism meets the efficiency goal of providing an incentive for water to be diverted from its
lowest value uses. On the other hand, there are efficiency costs associated with the raising of
government revenue to fund the purchase of water entitlements. These efficiency costs would
be significantly lowered if private environmental groups purchased the rights.3
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Another major example of tradeable resource rights in AustraIia is the case of fisheries
management, panicularly the southern bluefin tuna fishery. A comprehensive case study of
policy instruments and fisheries management in Australia is contained in ABARE 1993. The
fisheries case study nicely illustrates that, in many instances, no single instrument is likely to be
successful in simultaneously addressing several policy objectives. Thus, for example, while a
tradeable quota system promotes efficiency in fish harvesting, by itself it may not achieve a
satisfactory level of conservation of fish stocks. It is likely to be necessary to combine a
tradeable rights system with prescriptive regulations governing when and where fish may be
caught to achieve the stock conservation objective.
Tradeable Pollution Rights
A system of tradeable rights in salinity in the Murray-Darling Basin came into force in
1992. The participants in the scheme are the States of New South Wales, Victoria and South
AustraIia. Trades are permitted in terms of salt concentrations, measured in EC (electrical
conductivity) units. The scheme provides an incentive for parties to generate 'salt credits' by
investing in capital works to reduce salt entering the river system and enhance river flow. Salt
credits are tradeable between States, but they are generally applied within each State to offset
debits from drainage entering the river system.
The salinity and drainage strategy is a fonn of tradeable pollution rights where rights are
not freely traded by individuals or industries, but are exchanged between governments within a
constrained framework. Greater flexibility is intended to be introduced to the scheme in the
next few years (James, 1993).
A Special Environmental Levy
The Sydney Water Board is responsible for the treatment of and disposal of waste water
for the Sydney, Illawarra and Blue Mountains region. In the late 1980s, serious water
pollution problems were experienced as a result of inadequate methods of sewage disposal.
,
The problems included algal blooms and eutrophication of the Hawkesbury - Nepean River,
pollution of other waterways and sewage contamination of Sydney beaches. Authorities faced
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subsequent strong public pressures to improve environmental quality of the waterways and
beaches in the region.
Table I: Objectives, Budget and Expenditure for the SEL
In 1989, the NSW Government introduced the Clean Waterways Programme (CWP)
with a vision of:
clean and healthy waterways in the Sydney. J1/awarra and the Blue Mou1ltains achieved
in partnership with the community
and with a mission to:
develop and impleme1lt technical and social solutiollS to current and evolving water
pollution problems in conjUllction with the community.
Programme Objective
Environmental Monitoring
Community Participation
Improve Effluent Quality
Improve Sludge Management
Reduce Odours & Emissions
Minimise Sewerage Overflows
Additional Sewerage Services
Controlling Urban Run-Off
Bushland & Wetland Management
Source Control
TOTAL
5 year
BUdget
$m
13.1
7.9
127.7
76.8
118.0
30.5
76.9
9.4
9.6
10.0
485.4
1991/92
Expenditure
$m
2.93
2.17
34.63
20.24
11.83
3.72
16.32
0.70
2.06
2.10
99.94
Actual
$m
4.30
1.50
27.44
18.88
18.01
10.12
11.74
1.07
1.68
2.33
97.70
The CWP involves a planned sum of $7 billion expenditure over a period of 20 years.
This is the largest environmental improvement program ever proposed in Australia The
Special Environmental Levy (SEL) was introduced as a financing mechanism to support the
~ CWP.
"An environmental levy was selected for several reasons. There was strong public
support for a special fund that would be allocated, and seen to be allocated, specifically to
environmental improvement of the regions beaches, rivers and waterways. Revenue from
water and sewerage charges was considered inadequate as a source of funds to support the
entire CWP. There were urgent needs for front-end financing in the initial phases of the
program. The SEL was an appropriate mechanism to meet this need, as prospects for
increasing ordinary water and sewerage rates were subjec to various limitations." (James
1993, pp.43-44).
The Special Environmental Levy was designed to raise $485 million over a five-year
period. The levy was $80 per household with an exemption being granted for pensioners.
Details of revenues raised and expenditure on specific components of the SEP are shown in
Table I.
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Source: Clean Waterways Programme Annual Report 1991/92 June 1992 p.5.
James op.cit. assesses the SEL against a number of criteria relating to the policy
objectives. The major conclusion was that the SEL has been successful as a means of raising
revenue. Community acceptance has been a most important aspect of the levy. Interestingly,
the acceptability of the levy came under question when it was suggested publicly that revenues
raised from the levy had been paid in to consolidated revenue. In fact, the suggestion was
incorrect, but the experience underlines the importance of the community having confidence
that funds raised for environmental improvement projects are expended for these purposes.
One lesson learned from the SEL programme was that future schemes should have more
realistic time frames for the expenditure of revenues, including longer lead times for planning
and appraisal. James op.cit. suggests that economic evaluation of the components of proposed
projects would assist in allocating funds to the areas with greatest community benefits.
Landcare and Land Conservation
Australia is halfway through the Decade of Landcare and it is pertinent in this paper to
briefly review some aspects of fuis program. The following discussion draws on Chisholm
(1994), Grivas et.al. (1995) and Nelson and Mues (1993). The Commonwealth government
established the National Landcare Program to encourage land care in the agricultural sector.
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Activities relating to landcare have also been targeted through the taxation system by the
landcare tax concessions - sections 758 and 75D of the Australian Income Tax Assessment
Act (1936).
The National Landcare Program has been successful insofar as about one-quarter of
broadacre farmers were members of a landcare group within two years of the stan of the
program. The program has served a useful social role in bringing farmers together to tackle
problems, particularly in more isolated rural areas. Today. the number of landcare groups has
grown in eight years to more than 2,200 with around 30 per cent of broadacre farmers
belonging to a landcare group (Office of the Chief Scientist, 1995). Awareness of landcare in
the Australian community has grown from around II % (urban) and 40% (rural) in 1991 to
62% and 86%, respectively in 1994 (Roy Morgan survey for Landcare Australia Ltd).
From an economic perspective, however, there are indications that the National
Landcare Program lacks focus. I also believe that some other organizations with public
~
t+:- responsibilities for land and water conservation in AustraIia, such as the Land and Water
Resources Research and Development Corporation (LWRRDC) lack an appropriate focus.
To rationally allocate public funds to research and other activities designed to improve
the use of Australia's land and water resources it is necessary to have a sound conceptual socio-
economic framework to underpin and guide decision-making. An essential distinction is
between 'on-site' user costs and the external costs of land use activities, which will usually be
off-site. The external costs and benefits are defmed as any effects of a land user's activities that
impose costs ~nefits)via entering the production functions or utilities of other parties and for
which those parties do not receive compensation (make payment). External costs and benefits
include the external costs imposed on other land users of the spread of weeds and pests from
one property to another, the off-site costs associated with dryland and irrigation-induced
salinity, the off-site costs (and possible benefits) of soil erosion, the off-site costs of runoff of
fertilizers and chemicals and the external costs of loss of on-site natural habitat Examples of
on-site user costs include increased soil acidity, loss of soil nutrients, loss of soil depth, soil
structural decline and on-site salinity and waterlogging problems.
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From a public interest perspective. I believe that the primary need is to first identify the
most impoltant external costs and benefits of landusers' activities and, secondly, to establish
whether there are some currently socially excessive user costs and to identify the reasons why
they exist. In my view, it follows that the primary goal of research on sholt- and long-tenn on-
site productivity problems should be funded by the various agricultural industry research and
development corporations. The Rural Industries and Research Development Corporation
should fund problems that cross primary industry boundaries or affect small primary industries
that do not have industry-specific research and development corporations.
The existence of excessive on-site user costs will usually be attributable to imperfect
infonnation or govemment policies that distolt factor or product prices. The fust best policy
actions will be to disseminating information and remove distortionary policies. If government
revenues are targeted towards subsidizing private user costs as a second or third best policy,
public decision-makers should clearly understand that land is an input into all agricultural
production and that any input subsidy that directly influences user cost will have feedback
effects on other land management decisions.
In a recent study of Landcare, Nelson and Mues (1993) found that, compared with non-
members, Landcare members who own broadacre farms are more likely to have larger farms,
lower per hectare carrying capacities and perceive that they have a significant land degradation
problem. The study also suggests that Landcare membership is associated with higher
incomes, but that there was no significant difference in the rate of return to capital on Landcare
and non-Landcare farms. A strong association was found between farmers receiving
information from landcare groups and the adoption of conservation farming practices. The
most common measures undertaken for the purposes of land conservation were structural
earthworks, grazing-off crop stubble and minimum tillage. The least common measures
undertaken for soil conservation reasons were soil conserving changes in pasture and crop
management and planting trees.
In my view, an understanding of Sections 758 and 75D of the (Australian) Income Tax
Assessment Act 1936 helps to explain some of these fmdings. Tax concessions are given for
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investment in soil and water conservation. These concessions reduce the costs of investments
in eligible soil and water conservation measures in proportion to an individual farmer's
marginal rate of income tax. Farmers who gain from these conservation subsidies are more
likely to belong to Landcare groups to gain technical advice and it is thus perhaps not surprising
that higher income (marginal tax rate) farmers tend to belong to Landcare groups. Another
feature of the tax deductions was that up to 1990 the deductions applied almost exclusively to
rehabilitative work. In 1990 they were extended to cover preventative conservation measures,
but there still appears to be a bias towards structural works. This would appear to at least
partly explain why, in the above study, a large proportior. of farmers (40 per cent) were found
to have invested in earthworks, whereas only a small proportion had changed their pasture
management (8 per cent) or their crop management (12 per cent) for the purpose of conserving
soil.
What this research does not tell us is the proportion of farmers that may have changed
their pasture and/or crop management practices towards more intensively exploiting the soil, or
~
U1 converted some land from pastures to more erosive crops, because the private costs of
rehabilitation (user cost) have been significantly reduced by the tax concessions. That is to say,
subsidies for land rehabilitation, ceteris paribus, provide an incejlt~ve towards increasing the
future supply of land in need of rehabilitation.
A related issue was raised by Nelson and Mues (1993) when they observed that farmers
appear to be maintaining their profits when switching to minimum-tillage techniques by
substituting chemical inputs for mechanical tillage. The Landcare Program may be
unintentionally' causing farmers to substitute a primarily on-site problem of soil loss to a largely
off-site problem of runoff of chemical residues.
The potential social costs of government programs that subsidize on-site user costs and
have unintended negative on-site consequences are, of course, exacerbated when policy-
induced changes in management behaviour also leads to an increase in off-site damages.
Another striking example of the potential dangers of subsidizing agricultural inputs relates to
irrigated agriculture.
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Generally, as Chisholm (1978) observes, subsidies provided for soil conservation
efforts are most effective when dealing with simple fanning systems in which there are few
alternative outputs and production methods. In the more complicated systems typical in rural
Australia, the subsidy approach does not provide a clear incentive for land users to develop
least-cost methods of reducing rates of land degradation unless it covers all factors and
practices affecting land degradation.
A further problem with the use of subsidies is that they lower the private opportunity
cost of land degradatio:1 by r<:cIucing the costs of repair. Hence, they provide incentives to
adopt practices conducive to land degradation, but which increase short-run productivity,
thereby offsetting to some degree the direct effect of subsidising activities in reducing
degradation. For example, in response to a subsidy for contour bank construction farmers are
likely to find it profitable to increase their stocking rates. Consequently, the reduction in soil
loss may be less than policy-makers expected. Similarly, the existence of subsidies for soil
conservation may induce the development of erosion-prone marginal farmland, or its
transformation from grazing to more erosive crop production. These examples show that
subsidies encourage land management practices and uses which have the potential for increased
rates of land degradation. Thus, while subsidies may increase expenditure on conservation
measures, they are also likely to increase the need for such expenditures (Chisholm op.cit.).
BaumoI and Oates (1988), cite work by Martin J. Bailey that shows there is an
important class of cases in which subsidies will not introduce inefficiencies, namely cases that
involve full capitalization of any benefits or damages into site rents. A subsidy upon pure rents
(eg. land in complete fixed supply) is, in effect, just a lump-sum transfer. The inefficiencies
arising from raising the tax revenues to pay any subsidies, of course, remain.
I now address some further issues relating to the effectiveness of the taxation measures
for providing incentives for l:mdcare and briefly review some other possible taxation
instruments. As observed earlier, any benefit provided to individual farmers by a tax deduction
is linked to their marginal tax rate. Thus it is unlikely that the level of concession offered by the
government will reflect the benefits to the rest of society from the farmer undertaking the
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landcare works. Public benefits will be less than the social cost of the concessionary
deductions for many landcare activities and may exceed costs for other activities.
Second, as a consequence of the link between the marginal tax rate and the level of
individual benefits, the tax concessions will target land degradation problems only if those
farmers with higher taxable incomes are the ones experiencing land degradation problems.
Furthermore, the tax concessions have no effect on the incentive to undertake the wide range of
land care activities which do not involve expenditures, such as reducing stocking rates in times
of drought or some types of improved management practices.
Other taxation instruments include investment allowances, tax rebates and tax credits.
A 10 per cent investment allowance was recently introduced for expenditure on fodder and
water storage for livestock, water conveyancing and minimum tillage equipment. Like a tax
concession, the benefit from an investment allowance is tied to the taxpayer's marginal tax rate
and has similar deficiencies.
Tax rebates reduce the amount of tax payable and the benefit a taxpayer receives is
independent of their marginal tax rate. However, tax rebates confer no benefits on individuals
who are not liable to pay tax. Investment rebates are not currently used in Australia, but are
used in some countries overseas, for example the United States.
A tax credit provision could be given for landcare expenditures. A tax credit system
would provide benefits independent of marginal tax rates for all individuals making eligible
expenditures, regardless of whether or not they pay tax in a particular year. A system of tax
credits would appear to be more efficient and equitable than either accelerated depreciation,
investment allowances or tax rebates.
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APPENDIX 1
INSTRUMENT CHOICE WITH COSTLY INFORMATION AND
UNCERT AINTY·
Pollution control agencies commonly have only vague ideas about marginal damage
functions. The standard errors attached to estimates of pollution damages are typically large.
Should uncertainty influence the choice of policy instrument? More formal deviations of the
main results contained in this section, together with other results on the effects of uncertainty
on the choice of control instruments are contained in Adar and Griffin (1976), Fishelson
(1976), Roberts and Spence (1976) and Weitzman (1974).
If the agency is uncertain only with respect to the marginal damage function, this should
not influence its choice between using a pollution tax or transferable quotas. The amount of
pollution abatement is solely dependent upon the MCC function which it is assumed is known
with certainty. Thus precisely the same suboptimal level of pollution abatement will be attained
either by setting a tax rate, or quantity of pollution quotas, on the basis of an estimated marginal
damage function which deviates from the true unknown damage function.
The welfare loss attributable to an underestimate of marginal damages is illustrated in
figure A I. I. The true MOF lies above the estimates MOP. The pollution tax will be set at a
rate PI which is below the optimal rate P*. This will result in a level of pollution abatement Q
which is below the optimal level of abatement Q*. Like the tax, a pollution quota policy would
also lead to the suboptimal level of pollution abatement Q. Each policy has an associated
welfare loss measured by the triangle ABC lying between the true MOF function and the MCC
function. Without perfect information on marginal damages a welfare loss is unavoidable and it
is independent of the instrument used to control pollution.
• This analysis of pollution control instruments under uncertainty is drawn from Chisholm (1985).
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'-J Let us now consider the situation where the agency h~ imperfect information on the
MCC function and the nature of investment in pollution control does not pennit the agency to
iteratively 'feel-out' the optimum by successively announcing and revising the rate of tax (or
aggregate level of pollution quotas), after observing fIrms' respopses. That is to say, the
agency can use only 'one shot' policies. In circumstances where the estimated MCC function
deviates significantly from the true MCC function the welfare losses associated with the use of
taxes and quotas will usually differ. In some situations taxes will be superior and in others
quotas will be best. Pollution quotas will be superior to taxes where threshold effects exist-
marginal damages change abruptly from low to high levels - or, generally, when the MD
function is more steeply sloped than the MCC function.
This result is illustrated in fIgure A 1.2 in which the optimal level of pollution abatement
is denoted by Q*. If the agency underestimates cleanup costs and introduces a quota system
the level of pollution abatement, Qq, will be too high and a fairly small welfart· loss, ABC, is
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Figure A1.2, Uncertain Marginal Cleanup Cost Function
A tax, on the other hand, set at a level Pt achieves only a very small level of pollution
abatement and the associated welfare loss, CDE, is large. When cleanup costs are
underestimated the level of pollution abatement approaches zero as the MCC function
approaches a horizontal position. Conversely, when ()eanup costs are overestimated a flat
MCC function will result in complete pollution abatement (zero pollution). In situations in
which the MD ~unction is steeply sloped relative to the MCC function, the extent of under or
overshooting of the optimum level of pollution abatement will be considerably smaller with a
quota system than with a tax system.
Consider now the reverse situation in which the MCC function is steeply sloped and the
MD function is relatively flat.' This situation is illustrated in figure A 1.3. A quota system
results in a substantial overshooting of the optimal level of pollution abatement and a
correspondingly large welfare loss, ABC, whereas a tax results in a small overshooting and a
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modest welfare loss, CDE. It is now apparent that the choice between a pollution tax and a
pollution quota hinges upon the relative slopes of the MD function and the MCC function.
When the MD function is relatively steeply sloped a pollution quota system is superior.
Conversely, when the MCC function is relatively steeply sloped a pollution tax is superior.
tentative environmental standard and issues a matching set of transfemble pollution quotas.
Second, the agency announces a penalty ta~ rate payable by a firm on any emissions that
exceed its quota entitlement. Third, a subsidy is announced (at a rate below the penalty tax)
payable to a finn when the actual level of emissions are lower than its quota entitlement. A finn
received a subsidy on each unit of emissions below its quota entitlement.
Figure A1.3, Uncertain Marginal Cleanup Cost Functions
As detailed in Roberts and Spence (1976), a more sophisticated scheme, constructed on
the basis of the above information, contains three major components. First, the agency sets a
It has been shown that emission taxes and quota outcomes deviate from the optimum in
opposite ways. ,Taxes bring about too little cleanup when abatement costs tum out to be higher
than expected and they induce excessive cleanup when costs tum out to be lower than expected.
Quotas have the opposite failing. Since the level of cleanup is predetermined, it will be too
high when abatement costs have been underestimated and too low when costs have been
overestimated.
entitlement.
provided by levying finite tax on those emissions in excess of a firm's quota entitlement. On
the other hand, if cleanup costs tum out to be much lower than expected, one wants a residual
incentive to cleanup. This is provided by a unit subsidy on emissions below a firm's quota
The mte of tax and the rate of subsidy are both announced before quotas are issued.
The transferable quotas may be initially auctioned or issued free of charge to firms. In either
case, the tax and subsidy rates will place bounds on the market determined quota price. For
example, the market established quota price cannot be greater than the penalty tax rate,
otherwise polluters would simply pay the tax and buy zero quota. Additionally, an equilibrium
quota price below the subsidy rate is not possible since polluters could make profits from
buying as much quota as possible to maximise their subsidy payment If the agency is
somewhere near the mark in its estimate of cleanup costs, the market quota price will settle at
some point between the subsidy mte and the tax mte and finns' emission levels will equal quota
holdings. Neither subsidies nor taxes will be paid. If cleanup costs tum out to be very high,
the quota price will be forced up to a level equal to the penalty tax rate. Firm's emissions will
exceed quota holdings and they will incur tax payments. Conversely, if cleanup costs tum out
to be much lower than predicted, the market determined quota price will equal the subsidy rate.
Firms' emission levels will be below their quota entitlements and they will receive a subsidy.
The economic mtionale for the scheme is as follows. Society wants a cleaner
environment; this may be attained by setting an environmental standard and issuing marketable
pollution rights. But if government significantly underestimates cleanup costs, one wants an
escape valve from the unduly severe constraint imposed by the quotas. The escape valve is
Pollution AbatementQqQt Q*Max
Pollution
Pt
$
~
00
32 33
Figure A2.5. Marginal Damage Function
Pollution
\
Marginal Tax Rate
Q
Marginal Damage Function
\
M",'\"""dYRa.
Marginal
Pollution
Damages
$
o
The mixed system is applicable to situations where marginal damages vary considerably
with total emissions and the authority has imperfect information about cleanup costs. The
system approximates the estimated pollution damage fWlction by a piecewise linear penalty-
reward function. The approximation to a total damage function and to the corresponding
marginal damage function are illustrated in figures AlA and Al.5. respectively.
·It is pertinent to observe that a pure emissions tax and a pure quota scheme are special
(polar) cases of the above system. The pure emissions tax (subsidy) is obtained by setting the
subsidy rate equal to the tax rate. Firms then face a constant rate pollution tax (subsidy) and the
level at which the aggregate pollution quota is set becomes irrelevant. A pure quota system is
obtained by setting the subsidy rate equal to zero and the penalty tax rate equal to infinity. The
pure tax is ideal when marginal damages are constant (horizontal) and the pure quota is ideal
when marginal damages are vertical.
~
\0
$
Total
Pollution
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The linear approximation to the marginal damage function (Figure AI.5) shows that the
mixed system is ideally suited to situations in which there is a perceptible threshold effect and
the agency has some notion of the marginal damages above and below the threshold. In
circumstances where marginal damages increase at a reasonable constant rate over the relevant
range the imposition of a Pigovian tax schedule is probably the most efficient instrument. That
is to say. the agency levies a tax schedule which closely approximates the marginal damage
schedule. The tax rate paid by finns is then dependent upon the level of aggregate emissions
after all finns h~ve responded by reducing pollution.
We now turn to consider briefly some dynamic factors that have a bearing on the choice
between pollution quotas and taxes. First. in a growing economy. tax rates would have to be
Figure A2A. Total Damage Function
frequently adjusted to maintain a desired quality of the environment. Similarly with inflation.
without regular tax rate adjustments, environmental quality will be inadvertently eroded. In
practice. legislative and political factors are likely to constrain tax rate changes being made with
sufficient frequency. Pollution quotas have no such failing since with a quota market the price
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of a right to pollute would rise automatically. Thus in a dynamic setting with economic growth
and inflation a quota market is likely to do a better job than taxes in protecting the environment.
A related dynamic problem arises when the level of pollution damages fluctuates
unpredictably over time. In particular, climatic conditions inject a stochastic component into
most forms of air and water pollution damages. In situations where marginal damages may
rapidly change to very high levels it is desirable that the environmental agency has
supplementary direct control powers which permit it, for instance. tlJ completely prohibit the
release of certain forms of emissions during crises periods. This problem arises in all
situations in which there is not a one-to-one correspondence between levels of emissions and
ambient concentrations. Pollution damages. defined in terms of factors which enter negatively
into individuals' utility functions and fmns' production functions. typically vary depending
upon time and place of discharge of emissions.
APPENDIX 2
A positive user-cost, ceteris paribus. implies some physical and economic depreciation
of the value of the land asset.4 Figure A2.l shows that exploitation of the land has induced
land degradation which shifts the long-run product supply from 5\ to 52' The area below the
long-run supply schedule measures the total cost of production, excluding the residual
economic rent earned by land. The value of the land economic rental is measured by the area
above the supply schedule and below the price line and is commonly termed producer surplus.
User costs may now be defmed simply as the change in economic rent (producer surplus)
attributable to land degradation. User-costs in figure A2.l is measured by the area, ABD. A
widely quoted •guesstimate' (Department of Primary Industries and Energy, 1989) puts the
costs to Australia from lost agricultural production attributable to land degradation at about
A$600 million a year (1988-89 values). This estimate appears to be a measure of the gross
value of output foregone-area ABFG in figure A2.1-which bears no necessary relationship
to the correct user-cost measure. It would also be incorrect to measure the cost of land
degradation as the loss of net revenue on the output foregone, ABC.
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ENDNOTES
B'------
S I
I. The first two sections of the paper draw heavily on Chisholm (1985) and (1979). The
paper does not deal with issues of property rights, liability rules and Coasian solutions
to environmental problems. For discussions on these issues see Chisholm, Walsh and
Brennan (1974), Wilson (1994) and texts, such as Tietenberg (1988) and Fisher (1991)
and Furubotn and Pejovich (1974). Also. the focus of the paper is primarily upon
efficiency issues relating to the choice of policy instruments. For studies which focus
on distributional issues see, for example, Buchanan and Tullock (1975) and Walsh and
Brennan (1979).
A
Figure A2.2
For an exported commodity for which Australia has market power it is conceivable that
N the user-cost as a result of land degradation for the industry as a whole may be negative. This
~
is illustrated in figure A2.2. Economic recent after land degradation, ADE, exceeds the
economic rent before degradation, ABC. It would be ironical, to say the least, if land
degradation turned out to be the saviour of an over-producing wool industry. The most
important point from a policy perspective, is that in such an industry marginal land should be
.taken out of production. Moreover, given that land degradation is a type of negative technical
process it follows that some forms of technical advance may have a negative economic value
both for the industry and for Australia.
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3.
4.
This section draws on ABARE (1993), James (1993) and Collins and Scoccimarro
(1995)
The Royal Ornithology Society in the United Kingdom, for example, has saved
substantial bird breeding areas by paying farmers not to drain swamp areas. Pers.
Comm. David Coleman.
There has been much confusion in the literature relating to a conceptually correct
measure of on-site costs of land degradation. I believe that the concept of user cost as I
define it in Appendix 2 is a conceptually correct measure. This Appendix is taken from
Chisholm (1994).
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~Land use Changes and Environmental Legislation in Europe. Lessons
for NZ1
Anton D. Meister2
I. Introduction
Like all important pieces of paper, this paper has a long and a short title. The long title to this
paper would read something like this:
'the impact ofagricultural policy Oil lalld use alld the cOllsequellt impact Oil the ellvirollmellt
requirillg ellvirollmelltallegislatioll aimed to brillg about Ilew IOlld use chollges, which...etc..
It is this cycle of change and consequences calling for more change that I want to talk about
in this paper. The case study will be Western Europe but in the back of our mind should be
New Zealand, a land where change is endemic and where in this age of post GAIT euphoria
we also witness (and will continue to witness) changes in land use.
The concerns associated with the land use changes that occurred in Western Europe are
concerns about production intensive agriculture which affect the environment due to poorly
assigned or non-assigned property rights. Looking at Europe, the rapid mechanisation of
agricultural production after the second world war made it difficult for many persons to
appreciate the impact of a more production-intensive agriculture on the environment. In
more recent years however, these impacts have been capturing public attention and that of
policy makers and have developed into a growing concern about the consequences of some
agricultural practices and policies that directly encouraged negative environmental impacts.
These include:
• pollution of ground and surface water resources through the infiltration and run-off of
certain nitrogenous and phosphate based fertilisers and pesticides;
• soil erosion and compaction;
• drainage of wetlands;
• air pollution from manure production and crop spraying;
• loss of landscape amenity and habitat diversity;
• and clearance of marginal agricultural lands.
What we basically have here is a concern that the free market is under supplying public
goods, associated with land, that have become highly valued, such as amenity values, water
collection values, habitat for wildlife and landscape values. These public goods are the stocks
that provide external benefits to society. With changing values the demand for these goods
has increased and hence the conflicts with regard to the use of land.
The new awareness and concern has led to a demand for environmental regulations, such as
controls on fertilisers and pesticides, constraints on farm practices, health regulations etc.
The introduction of such legislation has led on the part of the producers (and policy makers)
to a concern about the potential effects of environmental policies and health regulations on
I Invited address to the Annual Conference of the New Zealand Agricultural Economics Society,
Blenheim. 30 June - 1July, 1995.
2 Professor. Resource and Environmental Economics, School of Applied and International Economics.
Massey University. Palmerston North, New Zealand.
production and on patterns of world agricultural trade. Producers in the European Union
(EU) are also worried that, due to the intmduction of stricter environmental standards, they
might lose their competitiveness in world markets. Of course producers outside the EU are
equally interested in changing levels of production within the EU and the impact on world
trade, as well as in changes to environmental and health regulations which might be used as
international trade barriers.
On the one hand then we have the concerns of citizens and consumers demanding
environmental legislation and on the other the producers (and for a long time the politicians)
being concerned about competitiveness (and about getting re-elected and not wanting to lose
the rural vote).
In the EU, responsibility for legislation on environmental protection and nature conservation
is divided between the Community and the Member States, with the latter retaining
substantially more powers than in the case of agricultural policy (Baldock and Beaufoy,
1993). Within several Member States, nature conservation and other areas of environmental
policy primarily are the responsibility of regional authorities, rather than central government.
Consequently, there is a complex and varied pattern of legislation and policy in the
environmental field in Europe.
1.1 Change in attitudes towards the Environment
In 1972, the environment was included in the Treaty (the European Economic Community
Treaty) by stating that it was not quantitative economic expansion per se that counts, but that
it should go hand in hand with an improvement of life with special attention being devoted to
environmental protection. From that time onwards, Action Programmes for Environmental
Protection have been in operation and the general objective of the EC became the following:
"sustainable growth respecting the environment" would become the
explicit task of the EC. One of the objectives of the EC would be "to
promote economic and social progress that is balanced and sustainable
.." (Title I, art. B); the "task" of the EC would become (Title 2, art. 2):
"to promote...a harmonious and balanced development of economic
activities, sustainable and non-inflationary growth respecting the
environment. ..."
The legal requirements to integrate environmental protection into other European
Community policy areas was established in 1987 by the Single European Act. The need for
'environmental integration' is also a main theme of the Fifth Environmental Action
Programme and is given a more comprehensive legal basis in the Maastricht Treaty. Further
more, at the time of agreeing the "MacSharry" reform package in May 1992, the EC
Agricultural Council declared its commitment to "make environmental protection an integral
part of the Common Agricultural Policy". (Baldock and Beaufoy, 1993)
A lot of this is being achieved through the encouragement of extensive farming systems,
environmental sensitive areas. less favoured areas, Directives, and other measures. An
inventory of some of the policies most likely to influence agriculture and the environment is
presented in table 1 in the Appendix. A breakdown of the CAP (Common Agricultural
Policy) budget to show the small proportion of the total budget allocated to
2
agri-environmental issues, is presented in Table 2.
Of course since 1993 we have had the CAP reform which is having, indirectly, a major impact
on the environment. It is early days still to make predictions about the consequences of CAP
reform and the GATT agreement, especially regarding land use. Some of the scenarios
regarding possible consequences predicted anywhere from 25 to 75 per cent of land being
taken out of production. Most commentators feel however, that an economic squeeze on
agriculture would have to be very severe in order to result in such large-scale land
abandonment and that such policy would unlikely to be socially and politically acceptable. On
the other hand, a more gradual reduction in price/income support may produce only limited
changes in overall production and the total area of farmland. Although an increasing number
of farmers would go out of business, those continuing to farm could be expected to take over
bankrupt holdings in an attempt to maintain economic viability through increased economies
of scale.
Baldock and Beaufoy (1993) concluded therefore that, "so long as the maintenance of
acceptable levels of farm income remains a central objective of the CAP, any significant
reductions in the farmed area outside the most marginal farming regions are most likely to
arise from active policy mechanisms, such as set-aside, than from a savage cut in prices
(Baldock and Beaufoy, 1993).
1.2. The Place of Agriculture in Europe
To understand the development of environmental policy in Europe one needs to understand
the special place that agriculture occupies in the EU. For a long time there was little specific
tv discussion of pollution from non-point sources in relation to the agreed to principle of the
U1 Polluter Pays. To many governments it appeared that this principle was irrelevant to
agriculture and therefore agriculture was excluded from discussion on implementing the PPP
(Polluter Pays Principle). However, by the mid 1980s the consensus was changing. In 1985
in a Green Paper on the Common Agricultural Policy (CAP) it was stated that agriculture,
like other sectors, "...should be subject to reasonable public prescriptions and controls
designed to avoid the deterioration of the environment" (Commission, 1985). The OECD
report on "Agriculture and Environmental Policies: Opportunities for Integration" which
appeared in 1989, stated that the "PPP should apply to all agricultural policies and
programmes which are designed to prevent or control or reduce both point and non-point
sources of poliution"(OECD, 1989).
Even though all this has occurred, there is today still a lingering attitude that sees agriculture
as a special case. The reasons have to do with (Baldock and Bennett, 1991):
• The perception of agricultural pollution. Until recently this was not seen as important
except in the case of pesticides;
• The nature of pollution. Much agricultural pollution is diffuse, from non-point sources,
and some forms are difficult to trace and may be apparent only in the long term. This has
several consequences:
• the impact of some farm pollutants are relatively slow to appear. Most people and
farmers are unaware of the extent of the pollution, especially where ground water is
concerned. Only recently have all become better informed. Can farmers now be held
responsible for past practices, undertaken in good faith and often with strong
government support?
• it may be difficult to determine who the polluter is. There may be many parties
involved. Environmental policy is not well adapted to these collective groups. It may
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be argued that some responsibility attaches to fertiliser manufacturers, to the
agricultural advisory services or to ,"government policy" in a wider sense.
• the distinction between potentially polluting and non-polluting agricultural activities
may be hard to determine. A practice in one field may be polluting while not in
another.
• the diffuse nature of the pollution creates special problems in achieving effective and
cost-efficient enforcement of PPP.
Further there are also special features of the agricultural sector:
• the scale of agricultural production - the large number of small units which may have
special difficulties in adapting to changing environmental requirements and for whom
economic constraints may be particular severe. There is also the fact that access to capital
is often limited, reducing the scope for sizeable pollution control investment.
• the limited ability to pass on costs.
• impacts on competitiveness, especially within the EU.
• inflexibility of production factors.
• socio-political status d agriculture. Many European governments give high priority to the
objective of maintaining a sizeable agricultural work force and large numbers of farms.
• strategic importance of agriculture; self-sufficiency, labour.
Some of this reasoning still remains and is reflected in the way different Member States have
dealt with the environmental problems caused by agriculture.
It is not the intention of this paper to deal with the whole gamut of environmental legislation
and the consequences with regard to land-use. The emphasis will be on one particular piece
of environmental legislation, the Nitrate Directive. The reason for choosing this piece of
legislation is that it has taken on a role of major importance in terms of agriculture and land
use in the EU and the implementation of this legislation may have some lessons for New
Zealand. )
A Directive is a piece of legislation passed at the Community level which is binding on all
Member States. The implementation (policies) of the Directive is left up to individual
member States. Other Directives with implications for the environment are, for example, the
Bird Directive, the habitats Directive, the Directive on environmental Assessment and
Directives on drinking water and the protection of groundwater.
The Nitrate Directive has become important because one of the EU's chief concerns today is
the effect of nitrate accumulation on water quality. 'Nitrates from livestock manure and
chemical fertilisers are leached from the soil and lead to contamination of potable water
supplies in several highly populated areas of the EU and the eutrophication of EC inland and
coastal waters. Because the problem is considered sufficiently serious and trans-national in
character, it needed to be dealt with on an EU wide basis.
Another reason for picking on the EU Nitrate Directive is that after the Directive passed into
legislation, many predictions were made as to the ultimate impact of this Directives on
livestock and crop production in the EU and consequent trade impacts. There was great hope
that the environmental concerns would bring the Europeans to their senses regarding
subsidised agriculture, straighten out their agricultural and environmental problems and
benefit the rest of the world. •
In this paper I will look at the legislation that was developed in response to the Directive,
look at some of the predictions made as to the consequences for EU agriculture and discuss
the likelihood of these predictions coming to pass. Having then discussed the European
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situation, I will briefly ask the questions "Are there lessons in all of this for NZ?" In
particular, in this day and age of 'economic instruments' it will be interesting to see how they
have fared in the European situation and how the issues of property rights, public goods and
compensation have all been dealt with.
II The EC Nitrate Directive
In December 1991 a directive concerning the protection of waters against pollution caused by
nitrates from agricultural sources was announced to Member States. This directive, mostly
referred to as the Nitrate Directive, is to prevent and reduce the pollution of waters by nitrate
from agricultural sources. The Directive addresses the earlier EC Directive regarding the
quality of drinking water by limiting nitrate levels in potable water to less than 50mg per litre.
The Directive provides guidance on how and when Member States should deal with the nitrate
problem. It includes regulations on how to handle manure and chemical fertilisers in vulnerable
zones. This regulation should form the basis for an action programme for each Member State.
The Directive stipulates the following:
I. all waters to be monitored by December 1993 and zones vulnerable to nitrate must be
identified (area where water standards are not being met). The regulations laid down in the
Directive are compulsory in these zones (voluntary elsewhere). One of these regulations is the
'code of good agricultural practice' to prevent unnecessary nitrate emission, which must be
prepared by the same date.
2. an action programme must be formulated by no later than December 1995 and
implemented by December 1999. National action programmes must include a maximum
application rate of minerals from animal manure (not to exceed 170kg of N / ha including
. manure from grazing livestock, with a dispensation of 210 kg from 1996-1999). The
application of manure must be consistent with good agricultural practice in relation to the use of
nitrogen by the crop, the amount of nitrogen from chemical fertilisers and other sources, and the
amount already in the soil.
The nitrate problem is caused by intensive livestock production under confined conditions and
from manure applied to crops. Nitrate leaching into groundwater can lead to contamination of
drinking water resources. Ground water is a major source of drinking water in most of the EC
member states. The proportions ranges between 28 per cent in the U.K and 99 percent in
Denmark. It is to some extent a localised problem, concentrated in The Netherlands, low lying
parts of Belgium and France, southern Britain, Denmark, much of Germany and northern Italy.
A complicating factor is the dynamic nature of nitrate pollution: it can take up to 40 years for
nitrates to travel from the soil to groundwater (Hanley, 1991).
11.1 The Predictions
While in the early days of the Nitrate Directive many policy options were talked about, no-one
knew for sure what policies would eventuate. The options mentioned were: command and
control policies to reduce nitrogen fertiliser application and application of animal manure;
regulations regarding better management of nitrogen applications: economic instruments such
5
as fertiliser taxes; headage taxes on livestock producers; tradeable nitrogen quotas, or lump-sum
compensation of producers subject to nitrogenlheadage taxes, etc. Without knowing what
policy instruments would be used, many researchers, wanting to predict the implications of the
Nitrate Directive, either by simply trying to balance manure production and the I70kg N/ha
constraint in the various countries or looking at the impact of a nitrogen quota and nitrogen
taxes.
The magnitude of changes in output predicted were, for example: "The Nitrate Directive
implies possible reductions in EC livestock production ranging from I percent for she"p to 12
percent for pigs. Reductions may occur only in Belgium. Denmark, and The Netherlands, but
are subject to many factors that are unknown or difficult to account for at present. Smaller
reductions are likely to the extent that manure is more carefully stored, handled, and applied, or
substituted for commercial fertiliser. Livestock may also be fed differently or raised in regions
of other countries where problems do not exist" (Leuck, 1994: 100).
The changes in output could have significant effects upon the exports of livestock products,
assuming a decline in self-sufficiency proportionate to the reductions in livestock numbers. On
the basis of the figures calculated by Leuck (1994), beef exports decline by 50%, and dairy
products decline between 34 and 100 percent. For pork and poultry products, the EC would
actually become a net importer.
Similar conclusions were reached by Haley (1994), especially when nitrogen policies (such as a
tax) were combined with the MacSharry plan. On their own Haley showed that fertiliser taxes
could be effective in reducing residual nitrogen levels, with only relatively small effects on EC
production and trade. Don et al (1993) using a modelling approach, showed that fertiliser taxes
would only lead to marginal changes in EC production. This is what would be expected in light
of high levels of support prices. Abler and Shortie (1992) predicted significant increases in
world commodity prices in the medium run from restrictions on chemical use in agriculture, but
stated that changes in productiSln and consumption would not be substantial. Hartman (1992)
analysed the imposition of a niii-ogen quota using the SWOPSIM (TEPSIM) model. She found
that agricultural production would decrease, net exports would be discouraged, EC agriculture
would lose some comparative advantage and EC production would increasingly be displaced by
agricultural production in third countries.
Most of the models discussed above looked at the EU in aggregate. However, aggregate
measures of residual nitrogen do not reveal problems known to exist in certain parts of the UK ,
France, Germany, the Netherlands, Belgium, and northern Italy. Therefore, reduction in
livestock numbers in particular regions may be offset by production shifts to other regions
(within countries) as a result of policy inducements or economic pressures associated with the
Nitrate Directive.
It was this concern about aggregate models versus local and regional problems, and an interest
in environmental policy formulation that made me travel to various countries (Germany,
Denmark, France, The UK, and the Netherlands) to see what was being achieved in terms of
policy formulation, how it was done and what the possible impact might be, especially from the
point of view of a third party exporter such as NZ.
11.2 The Policies
Germany. In Germany the Federal Government sets the legal framework which has to be
fulfilled by the Lander (a province or region). Federal Acts are binding to all, Lander policies
can vary.
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The EC Drinking Water Directive was made a federal law in 1986 (Drinking Water Ordinance).
To achieve the 50 mg/litre directive, an act on water resource management was passed which
enables regional authorities to designate protected water collection areas and impose restrictions
on agricultural production in these areas. Fourteen percent of the total fann land area falls
under this Act. The Water Resource Management Act also entitles fanners to compensatory
payments if stronger conditions than the requirements of 'proper fanning' are implemented.
There is still much debate going on as how 'proper fanning' should be defined. (Schleef and
Haxsen, 1993). Compensation payments are funded either by a general levy on drinking water
and paid by all consumers, or they are negotiated between water supplying enterprises and the
fanners.
In 1992 the federal government presented the first draft of the Fertiliser Application Ordinance
which would define more precisely "good agricultural practice" and fulfil the requirements of
the Nitrate Directive. This ordinance postulates that fertiliser application has to be guided by
realistic yield expectations. This also means that the available nutrients in the soil, natural
conditions like climate, soil type and the results of regional field experiments must be taken into
consideration. At the beginning of the cropping year the famler has to ascertain the nitrogen
content of the arable land. Soil tests for P, K, N, Mg and Ca have to be performed once within a
crop rotation. Fertilisers have to be applied in such a way that most of the fertiliser will be
taken up by the crops. Further restrictions refer to:
I. the maximum amount of animal manure which may be applied per hectare;
2. restriction on fertiliser application (timing, amount, place)
3. restrictions on spreading of animal manure (needs to be worked in, followed by plants or
covered with straw);
4. compulsory preparations of fertiliser balance sheets.
All these regulations in the first instance will apply to the protected water collection areas but it
is expected that the enactment of the Fertiliser Application Ordinance will designate the whole
of Gennany as a zone vulnerable to nitrate leaching. Difficulties in implementing the maximum
standard from of 170kg of N/ha will vary from region to region.
In summary, the German nitrate policy on a national level as well as on the level of the Uinder
is mainly implemented through command-and-control regulations. General rules focus on the
use of codes for good agricultural practice and the handling of manure. Gennan policy also
favours the assumptions that training and extension services will change farm practices towards
improved nitrate management.(Rude and Frederiksen, 1994).
A pilot project in Lower Saxony analysed what would happen if a group of fanners was issued a
nitrogen quota which would be lower than the officially recommended level of nitrogen use.
Preliminary results from the research showed that fanners changed their cropping patterns and
the crop rotation, reduced and reallocated mineral fertiliser among different crops, reduced the
level of pesticides, particularly fungicide use and changed the timing of liquid manure
application. "With increasing restrictions on N use, there seemed to be a tendency to substitute
external inputs with on-fann resources by paying more attention to the self-regulating forces
within the fann system". The conclusion that the researchers came to is that "considerable
reductions in external inputs can be undertaken without any effect on production." (Stoyke and
Waibel,1993).
Economic measures have not been used as a primary tool. The subsidies given to fanners
within the Protected Water Collection Areas cannot be considered as an economic instrument
because the payments mainly compensate compulsory changes in fann practice. The same
applies to financial support for investments in storage facilities (Rude and Frederiksen, 1994).
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Although Gennany has discussed the use of taxes on fertiliser, the Federal Government is not in
favour and prefers training and advice and in sensitive areas the use of existing legislation as
discussed above. This attitude reflects to some extent the unwillingness to impose costs on
famlers who still carry political clout in Gennany.
In Gennany, agricultural and agro-environmental policy concepts focusing primarily on
economic efficiency - and the PPP - have not found much support. Equity and income
considerations as well as broader aspects of rural development and environment are in the
forefront of public concern and detennine the acceptability of policy measures. Property rights
to ground water which belonged to those owning the land above, now with the Water Resource
Management Act have shifted from private to public property and farmers are being
compensated (Baldock and Bennett, 1991).
With regard to overall impact on production and trade, the general opinion is that there will be
none. Enforcement of the Acts discussed above will not be strict, and compensation will be
paid all along the way.
Denmark. Agriculture in Denmark is still very important for employment and foreign
currency, and despite a falling acreage, production has grown. Of the total, about two-thirds
is exported: half goes to the EC countries, half to the rest of the world. Agricultural exports
today represent approximately 25 percent of total exports.
The major issues are the rising content of nitrate in ground and surface water and the side
effects of pesticides on flora and fauna. Another area of concern is the alteration of the rural
landscape caused by modem fanning, for example in the fonn of drainage and cultivation of
wetlands, infilling of ponds, and removal of hedgerows and other landscape features. Since
the mid - 1980s a number of policy measures have been introduced to remedy environmental
problems created by agriculture. With regard to nitrate policy, in 1987 the Aquatic
Environment Action Programme was introduced. This plan aimed at halving the annual
nitrogen emissions from industry, agriculture and municipal purification plants, and reducing
phosphate emission by 80% annually (Rude. 1991, Rude, 1992)
In th'~ early 1990s it became evident that several of the objectives for improving
environmental conditions in agriculture were impossible to achieve with the measures
employed up till then. Therefore the Government found it necessary to initiate another action
plan - Action Plan for Sustainable Development in Agriculture. This plan was published
in the spring of 1991 and concentrates mainly on nitrate pollution and the use of pesticides.
With regard to nitrogen the following measures were proposed:
- liquid manure not to be spread between I September and I March, excepting its use in
September for winter rape seed and grass;
- liquid manure shall be used only on growing crops or be immediately injected into the soil;
- solid manure shall be ploughed in immediately after spreading; and
- solid manure may not be spread on fields in autumn before 20 October except for fields
which will be followed by a green cover. These regulations came into force on January 1995.
(Ministry of Agriculture, 1992).
Since September 1993, fanners also need to practice mineral bookkeeping for nitrogen.
Each year farmers are to draw up manuring and fertilisation plans on the basis of norms
approved by the Danish Institute of Plant and Soil Science. Farmers have to annually fill out
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forms detailing on a paddock by paddock basis the application and utilisation of fertilisers
and the application of manure.
The first year (Aug 1993 - July 1994) was the planning year. During 1994 farmers have to
work their plans out before September 1994 and send documentation to the Ministry of
Agriculture by March 1995.
There are 55,000 farmers in Denmark, but only 33,000 have been sent forms. These 33,000
farmers were chosen on the basis of stratification and high risk areas. The Ministry is not
intending to carefully read through all plans, but rather do spot checks on a series of plans.
The Ministry, as yet, has not quite determined how to deal with all the plans and neither has
it determined what the level of penalties are going to be for those farmers who apply a
surplus of minerals.
Nitrogen taxation was considered but not implemented. The minerpl book keeping was
implemented as an alternative strategy. The nitrogen tax however, has been often debated in
Denmark (Dubgaard, 1991). While there is a general acceptance by many of the tax, there is
an unwillingness on the part of government to apply it, in fear that the competitive position of
the nation's agriculture would deteriorate.
Current environmental legislation dealing with nitrate pollution and pesticides has put into
place a complex system of mineral and pesticide book keeping and reporting. According to
Ministry of Agriculture officials, the impact on Agriculture will be minimal. Denmark has
no problem, given its land area, to get rid of its manure. What is needed, and what the book
keeping schemes hope to achieve, is that farmers more carefully balance the use of manure
and artificial fertiliser. The Danish extension system provides computerised fertiliser
N application advice to all farmers.
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Consumption of fertilisers and pesticides are expected to decrease, not so much due to the
environmental legislation, but rather due to the changes in the Common Agricultural Policy
in the EC (eg. the set-aside agreement) and the recently concluded GATT agreement (MAF,
1992). Any implications for production and trade are those that are predicted for the EC as a
whole as a result of the CAP reform and GATT.
France. In France an important increase in the damaging effects of agriculture on the
environment has been observed in areas of intensive agricultural production over the last few
years. From the deterioration in quality of underground acquifers to the eutrophication of
rivers, via the destruction of wild fauna and flora on agricultural land, the opinion of experts
is categorical: agricultural enterprises need to be aware of environmental considerations to
the same degree as do industrial enterprises.
The nitrate problem is localised and affecting mainly the Paris basin, Brittany, the Charente,
the Garonne Valley and the Valence region.
The Legislative Framework
Administratively, France is divided into 22 regions and 95 departements. French nitrate
policy is carried out both at the national and the departement level.
At the national level there are three types of policies important to water management
(Rainelli, 1993):
I. Environmental protection and town planning. This mainly deals with land use
planning.
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2. Water protection. The Water Act of 1992 (an update of an older Act of 1976)
proposes a balanced management.of total water resources. The aim is the protection
of the aquatic ecosystem and wetlands, the protection of the quality of surface waters
and ground waters, and a better use of water from an economic point of view. To
achieve this balanced management, new watershed management schemes were set
up. Water basin agencies have been set up under this Act, and this Act also enables
the charging of a tax based on the size of livestock enterprises and on the spreading
quality of the manure produced (OECD, 1989).
3. Classified installation and intensive rearing. Any activity coming under this Act
(nearly all livestock activities over a certain size) are classified as a reporting
establishment or a permission regime. While the former has to adhere to rules laid
down for the departement (rules on the installation of the livestock rearing facilities
and on the spreading of manure), the latter have to go through an impact assessment
which is to provide details on the source, nature and magnitude of any disamenitics
liable to result from the installation concerned. Disamenities include noise, use and
discharge of water, the protection of underground waters, and waste disposal.
The policy at the departement levels is illustrated by the case of Brittany. This policy is more
comprehensive than in other parts of France because of the seriousness of the pollution
problem in this area. The impact assessment for new activities comprises of the following
components:
• effluent storage capacity ( 6 months supply)};
• the surface area of land where manure is spread. The recommended minimum of one
hectare of cultivated land per 40 pigs per year, or one hectare of grazing per 100 pigs per
year has never been adhered to, particularly in Brittany, where slurry and manure is based
on the land.
• a balance of nitrogen fertiliser used on the farm, both organic and mineral and the
preparation of nitrogen balance sheets.
• a detailed description of any other livestock on the farm and distance of the farm from
neighbouring dwellings.
It is intended that from 1999 all existing installations will be included and need to obtain a
permission.
Nitrate Policies in France
Historically nitrates have been recognised as a problem and in 1984 a permanent
administrative body was set up to recommend and implement measures to deal with nitrate
pollution and to coordinate a campaign against nitrate pollution. This committee was called
the CORPEN (steering committee for the reduction of nitrate pollution in water) and has an
executive body called MEN (Mission Eau-Nitrates).
The CORPEN is composed of representatives from government, industry, water agencies,
and research organisations. The role of CORPEN and MEN is to promote research studies
aimed at perfecting techniques for nitrate pollution control.
Till the early I 990s the national campaign against water pollution by nitrates has rested
essentially on voluntary participation by, and support of, all those concerned. The pursuit of
} If this was extended (as it ~ill) to the whole of France this will affect 80,000
establishments. The cost of this is close to 7 billion franc and implementation will take 10
years. In the opinion of the Ministry for the Environment (Mr Depagne, pers.com) livestock
farmers will not move, but will adapt. The options are fewer livestock, exportation of
manure, treatment on farms or by collectively provided facilities.
10
consensus has led to an avoidance of the PPP because of opposition by farmers. CORPEN
and MEN set up many experiments at the regional, departement and local level (paid by
them) and the results were relayed to farmers (Baldock and Bennett, 1991). By the early
I990s there was still a noticeable discrepancy between the recommendations made and the
farmers' actual performance.
In 1991 the French government decide to introduce a tax on nitrogen emission from manure
originating from intensive livestock farms. The tax is calculated at the farm level, based on
total manure production modified with regard to building facilities, livestock density and
manure application practices.. At the same time subsidies will be available (till 1998) for
farmers to reduce their pollution (Rainelli, 1993). The system of taxes was supposed to start
in 1994. However, farmers protested about the starting date and also against the whole
principle of taxation. The farmers' union argued that agriculture is a special case because of
the particular circumstances of the farming economy, of agricultural pollution and of
agricultural policy. The latest news is that the government still has to decide on a new
starting date for the tax!
The EC nitrate directive and its implementation in France
France argued velY much against the Nitrate Directive at the EC level and wanted to avoid
having any mandatory measures imposed on them at all. They claimed that production
systems and farmers in France are too numerous and too diverse to be controlled by a single
regulatory system.
Three administrative circulars have been produced by the French authorities to implement the
nitrate directive in France. They define the vulnerable areas at the regional level (completed
December 1994). A task force was set up in each departement to improve coordination and
N information. This task force includes on the one hand the directorates of agriculture,
\0 environment, and health and on the other elected representatives from water users, farmers
and nature conservation associations.
The zoning is based on the average level of nitrate concentration during the past year.
Waters (aquifers or rivers) for which the level of NO, is over 50 mg are classified as polluted.
In the waters where nitrate concentration reaches 40 mg per litre and where time-series data
do not exist the pollution is considered as apt to occur in the very near future.
The definition of the vulnerable zones is achieved by combining watershed boundaries and
administrative boundaries. Large areas will be defined, probably at the level of the
department. It seems for example, that the whole of Brittany will be a vulnerable zone.
Codes of good agricultural practice have been publicised at the national level, but still need
to be worked out further at the departement level. The work of CORPEN will continue
The impact of the Nitrate Directive on agriculture will vary across France. This will be due
to differences among departements on nitrate policies, agricultural structure and natural
conditions. While in some areas intensive livestock production will have to make
adjustments, in others no adjustments will be necessary. New improvements in animal diet by
improving the amino-acid balance in feed, could also lead to a drastic reduction in the
nitrogen content of animal wastes (Bonnieux et aI., 1994).
The French situation is one of command and control. Much emphasis is placed on voluntary
action, consensus, and the activities of extension services and research and development
work as important ways of influencing farming practices (Rude and Frederiksen, 1994).
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Economic instruments have played no role, and in the only case where one was introduced,
implementation has been delayed.
.\griculture is still very important in France and for that reason the government has been
reluctant to confront farmers. Rude and Frederiksen conclude, "When environmental
problems became a public and national issue, the representatives of agriculture denied any
connection between agricultural practice and water pollution. They argued that no clear
relationship existed between the intensification of production and pollution. Now this
attitude has changed, and farmers accept that some problem exist, but claim that their
economic situation does not allow for environmental regulations which could negatively
affect farm income (page 53). The French government so far seems to have accepted this
argument.
The UK. In a few parts of Britain, nitrate levels in drinking water are close to or above the
European community limit of 50 mgll, partly due to nitrate leaching from farm land.
Only few regulations directly address nitrate problems. The main policy programme enacted
by the U.K Government so far has been the Nitrate Sensitive Areas Pilot scheme started in
1990, which aimed to tackle the problem of unacceptable level~ of nitrate leaching from
farmland into water sources. In addition to the NSA scheme, 9 other areas were made subject
to an advisory campaign. The scheme found that the following measures were particularly
effective in reducing nitrate leaching:
- controls on the amount and timing of livestock manure and fertiliser;
- the conversion of arable land to low-intensity grassland, and
- the use of green cover crops to avoid bare land in the autumn.
etc.
The scheme is voluntary and farmers are compensated. A report on the findings of the pilot
scheme showed that, apart from land voluntarily converted to low-intensity grassland,
changes can be made within existing farming systems which will make a significant
contribution to reducing nitrate leaching. In particular, the more efficient use of inorganic
fertilisers following the provision of detailed fertiliser recommendations to fanners and more
careful allowance of nitrogen supplied by livestock manures. In addition, cover crops
established promptly after harvest played a valuable part in mopping up surplus nitrogen and
minimising leaching in the vulnerable autumn period.
A new Nitrate Sensitive Areas Scheme was started in 1994 under the Agri-environmental of
the EU. The area is intended to cover 35,000 hectares. On top of this area is another 24,000
hectare subject to an extension campaign through the Advisory Area scheme. Like the Pilot
Scheme, the new Scheme will be voluntary and based on compensation payments for
constraints beyond "good agricultural practices", such as:
- applying manure in excess of 250kg of total N I ha;
- to apply within 50 meters of a water source.
There are several categories with different levels of compensation.
So far the Sensitive Areas Scheme (covering I percent of agricultural land in the UK) is the
only guideline for the identification of vulnerable zones in accordance with the EC Nitrate
Directive.
Harvey had the following to say about this scheme, " The definition of the sensitive areas and
the voluntary nature of the incentives to adopt more friendly practices are both causes of
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some concern in this approach. Over and above these concerns, however, there are two
substantial problems. First, if the prices received for farm products are artificially high, as
they are under the present CAP, then the payments necessary to persuade farmers not to
adopt intensive farm practices will also have to be set artificially high. Thus, the taxpayer
(and consumer) pays twice- once for unsaleable surpluses and second for the prevention or
limitation of adverse side-effects production. The second major problems is one of the
'moral hazard' - the possibility of farmers accepting payment for not doing things which they
had no intention of doing in any event. On the one hand it is possible to accept this
possibility as an unavoidable cost of obtaining the appropriate response. On the other, this
possibility should prompt additional analysis to develop alternatives measures which are less
prone to the problem" (Harvey, 1991).
The Netherlands. [n the Netherlands, concerns regarding nitrate pollution focus on ground
water and eutrophication of surface water; ammonia evaporation is aL;o considered to be a
serious environmental problem, however.
The environmental goals are:
- total nutrient emissions to surface waters from all sources was to be reduced by 50% in
1995 relative to 1985 (this has not been achieved);
- the standards for ground and surface waters and drinking water set by the Netherlands and
EC are to be realised;
- A balanced application of manures and fertilisers which should not exceed crop demand
('equilibrium fertilisation') for Nand P is to be realised by the year 2000. In addition, there
is to be no structural accumulation of P in the soil and the acceptable N losses are not to
exceed the above-mentioned water quality standards.
CJ,)
o To achieve this the Dutch have put in place a National Environmental Policy Plan. This has
three phases, the third going from 1995-2000. The first two phases were very much
constrained by the power of the Dutch farmers union, but this was broken by the late 1980
when it appeared that not sufficient progress was made4 .
Phases I and 2 put into place the following:
I) Manure quotas (or manure production rights), given to each farmer according to livestock
numbers and agricultural area in 1986 (these quotas became tradeable in 1994). This
stopped the establishment of new farms.
2) Manure balance sheets - to identify manure surpluses.
3) Levy on manure surplus.
4) Establishment of a national Manure Bank (distribution, processing).
5) Utilisation standards - max standards for application of P from manure.
6) Restrictions on spreading of manure.
Over the period 1991-1994 the utilisation standards were tightened. However, as tightening
would result in greater surpluses, the rate of decrease was tailored to enable the development
of solutions for either surplus reductions or environmentally acceptable ways for disposal.
4 In early 1990 a book was published "Manure and Power" which documented the role of
farmer organisations in policy making up to that time. Since the early 1990's the balance has
swung away from the farmer..The seriousness of the manure problem, the pollution, and the
changing values have to some extent brought this change about. The minister of agriculture
was quoted to say that even though he understood that many jobs would be lost in agriculture
due to the environmental regulations, healthy farm enterprises would not go broke because of
environmental regulations alone and that the government was determined to achieve its goals
by the year 2000 (De Telegraaf, 14 December 1993)
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An example is the reduction of mineral excretion through a reduced mineral intake via feed,
ego by adding enzymes which would assi~t the animal to digest the phosphate better, and
through manure distribution and processing.
The third phase started this year and is aimed at further reductions in manure and fertiliser
applications to realise a balanced application of fertiliser and manure as regards both P and N
by the year 2000. This means that the amount of minerals applied will match crop demand,
thus preventing structural accumulation of P in the soil. To achieve this the plan puts into
place:
I) Loss standards - acceptable surplus ofP and N that the environment can cope with (this
will be reduced yearly).
2) New N fertiliser application standards.
3) Reductions in manure quotas.
4) A Mineral Accounting System and a prohibition levy. Under a mineral accounting system
farmers keep a record of the exact amount of minerals they use and of the quantity of
minerals that leaves the farm in animals, crops sales, milk, fodder or manure. Each year
farmers send in a provisional assessment based on their minerals accounting, which is
comparable to an income tax assessment. A surplus indicates a loss to ground and
surface water, air and soil. However, not all losses are harmful to the environment and
this is why the mineral surplus is compared to the surplus that is acceptable from the
environmental viewpoint. This level will be set by governmental organisations, taking
account of environmental goals and specific circumstances. Non-acceptable losses are
settled by means of a levy. The levy will force farmers to lower their mineral surplus,
eventually to the level of the environmental goals. Separate levels will be set for P and
N.
5) Standards on ammonia emissions. A requirement for new intensive animal housing
systems. As a newspaper headline stated "The cow will in the near future disappear from
the landscape" (De Telegraaf, I I December 1993).
Advantages of minerals accounting compared to a system of obligations and
prohibitions
• - The system is effective. There is a direct relationship between minerals surpluses on
the farm and losses to the environment.
• - The system can be used throughout the sectors, for both nitrogen and phosphorus, and
for inputs from both organic sources (manure, feed) and inorganic sources (fertilisers).
The environmental quality goals for Nand P can be tackled with one instrument.
• - The system applies the 'polluter pays' principle.
• - Within limits set by the environment farmers are free to choose how to meet the
conditions. Within these limits the system promotes an economically efficient
agriculture.
• - The information needed for minerals accounting Can be used by farmers as management
information. That this is useful was proven by the use of the minerals accounting system
for extension purposes.
• - Minerals accounting is expected to meet with farmer approval for the former three
reasons.
• - Links with tax accounting and other farmers' and companies' administrations of
purchase and sales. (MANMF, 1993)
While the main emphasis of Dutch policy is placed on technical solutions intended to reduce
the manure surplus, economic incentives have been introduced to a certain extent to improve
regional distribution of manure, to decrease manure production, and to encourage
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investments in buildings and storage facilities. All these incentives must be seen as being
complementary to the main command and control regulatory framework. .
Overall, compliance with the EC Nitrate Directive will result in major changes in the Dutch
Agricultural Sector. It is expected that livestock numbers will decline drastically.
Predictions are that dairy cow numbers will continue to decline (this mainly due to the
McSharry Plan and GATI). Pig and poultry numbers will also decline to be able to meet the
goals of the environmental plan and because a loss in competitiveness.
II. 3 Overall impact.
From NZ's point of view, the hope was always there that environmental problems in the EC,
caused by intensive livestock farming and cropping, encouraged by a highly subsidised
regime, would bring some rationality to farming in the EC. That rationality is a reduction in
output apd hence surpluses with consequent trade impacts for NZ. Some of the predictions
from models quoted earlier in this paper gave some hope that this may be achieved.
The conclusions that can be drawn from a study of environmental policies, especially dealing
with one of the more pressing environmental problems, is that the Nitrate Directive will have
little direct impact on agricultural production and output (except in the Netherlands). But,
while the Nitrate Directive on its own will do little, in combination with the CAP reforms
started in 1993 and the GATI agreement it may contribute to the changes in output and
environmental quality brought about by those programmes.
The reasons for the minimal impact of environmental legislation are:
CJ.) I. the lingering attitude that agriculture is a special case and deserve special treatment,
~ hence the lacks enforcement and control of environmental legislation and the les:;
than rigid adherence to the PPP principle. Of importance to many countries is also
the need to preserve rural communities; to protect the jobs in the primary product
related industries; and a reluctance to weaken the competitiveness of fanners in the
EU.
2. scientific uncertainties and practical problems associa,ed with non-point source
pollution; such as difficulties in monitoring and control; difficulties in exactly
pinpointing which practices on which fields are responsible for particular changes in
nitrate concentrations in deeper acquifers; social and political considerations
~onnected partly to the large number of small units in agriculture, which may militate
against transferring substantial additional costs to the sector; the practical constraints
on radically modifying land-based forms of agricultural production in the short term.
3. the local nature of the particular problem discussed
4. the great amount of scope to deal with the problem, through extension and education;
changes to feed composition (15% reduction in nutrients); waste processing
III Lessons for New Zealand
In all of this, are there any lessons for NZ? Are the situations described so different from what
is happening in NZ?
III.I Lessons with regard to the problem.
Quoting Morgan Williams: "In capitalising on post GATI dairy opportunities, are we confident
that our increased use of N and feed supplements is not taking us down the same path as the
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Netherlands' Agriculture? Do we have the monitoring systems in place to establish what the
nutrient losses are from increasingly intensive dairy systems?" (Williams, 1995: 3)
In the Evening Standard of 28/4/95 we read, "High nitrate levels "health threat to babies". Or
from another source, "Farmers in Taranaki need to take particular care not to over-use
nitrogenous fertilisers because of the possible effects this can have on long-term productivity,
environmental qualities and also public health, says a report to the Taranaki Regional Council.
.....A particular concern in Taranaki is that over-use of nitrogenous fertilisers, such as urea, can
lead to high levels of nitrates in groundwater and effects on the water quality of streams (Water
and Wastes in NZ, November, 1994, pAl).
For a clean and green country, sentences like "lowland river reaches in agriculturally developed
catchments are in poor conditions.....Their poor condition also reflects agriculturally derived
diffuse and point source waste inputs in isolation or in addition to urban and industrial waste
inputs. Either dissolved inorganic nitrogen and/or dissolved reactive phosphorus concentrations
are often excessive.....Many IQwland reaches may often be unsuitable for contact recreation.
(MAF, 1993, p. vii).
All this is not to scaremonger. But as I often tell my students NZ is clean and green by default
not be design. We cannot take good environmental quality for granted. We have to work at it
to maintain what we have and we can't be complacent. Even though we may be willing to
accept some decrease in environmental quality due to more intensive agriculture (which I doubt)
we also need to consider what the implications are for trade. Will a decrease in environmental
quality be seen by our trading partners as an environmental subsidy?
What has been said for nitrates (or fertiliser) also holds for pesticides. 'There is little doubt that
pesticide use is going to be more restricted in the future, certainly in Denmark, Sweden and the
Netherlands. It might well influence policies in other areas such as the rest of the EU and North
America. If so, those should have consequences for imports into those countries. (Wynen,
1993)
Hewison writes "of major concern, .., are the gaps between perception and reality. New
Zealand has a high relative energy use per capita compared with other countries. It also uses
considerable quantities of fertiliser and pesticides in agricultural production. New Zealanders
generate large amounts of waste compared with many countries are among the highest users of
cars per rapita in the world" (Hewison, 1995: p.5). Therefore, even though in the eyes of the
world we seem to be, irrespective of what was said above, much cleaner than many of our
competitors, the gap between perception and reality appears to be more easily sustained because
of its relative isolation from major overseas markets. The question remains - just how 'clean
and green' does New Zealand need to be to maintain the perception?
Hewison goes on to say that a clear perception is emerging that some of NZ's more important
export industries must move away from their present unsustainable practices and focus more on
the long term. For instance, some agricultural production is still based on practices that cause
severe environmental degradation. Soil erosion and the control of pests are serious problems.
Contamination of waterways and acquifers, due to excessive use of fertilisers and pesticides,
and recent links between residues of these chemicals and breast cancer must also be of concern.
The booming tourism industry is another example. Here efforts must be made to enhance
protection of the conservation estate. Our seafood sector also relies heavily on a 'clean green
image'. Finally, much of NZ's economy is dependent on cheap energy and fossil fuels, that
contribute to carbun dioxide emissions and leave the country vulnerable to international price
fluctuations (Hewison, 1995).
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In conclusion, the European problem is not really so foreign to us. It is all too easy to get
excited by the post GAIT euphoria and convert more land to dairying, extend the production
season by using nitrogenous fertilisers and irrigation water, and ignore some of the tell-tale
signs on the environment that more intensive agriculture can produce. We need to learn from
some of the European experience to avoid repeating their mistakes. A recent Dutch visitor to
NZ was quoted to say "it is only a matter of time before New Zealand will have to introduce
stricter regulations, particularly in areas of more intense farming like the Waikato" (Evening
Standard, March 29,1995, p.15).
111.2 Lessons with regard to policies
To maintain and improve what we have got. we need to consciously man,lge the environment.
In New Zealand we have put into place an institutional structure of Regional Authorities
working under the Resource Management Act legislation, Much has been made of the
opportunity, offered in the Resource Management Act, to use economic instruments for
environmental management. The European experience with the Nitrate Directive has some
lessons for New Zealand regarding the management of non-point source pollution. In the first
place to manage, one needs to monitor and one needs to have to have the scientific knowledge
regarding the pathways of say nutrients in soils and water ways. Are our Regional Councils
equipped to deal with a prospective nitrate problem. Evidence suggests that, for various
reasons, monitoring has not been done hence the surprises in some areas that there is a nitrate
problem. This was confirmed in some recent articles in the Planning Quarterly, one with the
title "water purity due to good luck, not management" (Beanland and Brown, 1994, Beanland,
et aI, 1994). The Europeans knew they had a problem but it has taken them a long time before
they dealt with it seriously. The costs of cleaning up contaminated groundwater are often
prohibitive and other sources of water usually have to be obtained. As a Canterbury Regional
Council Report points out, the emphasis needs to be on prevention rather than attempt to "cure"
groundwater contamination. - are the Regional Councils equipped to deal with a prospective
nitrate problem?
Secondly in the cases where control and management is necessary, do we have the right
policies.
The European experience shows how difficult water quality management is with non-point
source pollutants. To adhere to the Polluter-Pays-Principle in such situations raises practical
and political difficulties. The political difficulties lie in a rapid transfer of pollution abatement
costs to the agricultural sector which could have severe repercussion for the economic viability
of agriculture in certain area and for rural communities. The European case study showed that
although many countries had considered the use of environmental policies using economic
instruments (Holland, Denmark, Germany) few has actually persevered with those policies. In
the Dutch case especially, the transferable manure permits are to be replaced by a strict
regulatory regime. In most of the other countries, second -best solutions have been developed,
involving regulations and perhaps subsidies, to be able to effectively control agricultural
pollution. Economic instruments, where they are used are complementary to an overall
command and control policy regime, which seem to be the case in most countries where
economic instruments have been used (Meister and Sharp, 1993).
Thirdly, good policies are based on good data and good scientific knowledge. Currently in New
Zealand much time is spent on biophysical or environmental bollom lines. Is the scientific
knowledge there to support that work? As a member of South Island High Country Review
team, we search around for scientific information on land sustainability. The working party had
to conclude that "science has not provided (and is currently not in a position to provide) the
necessary knowledge and opportunities for sustainable management." (South Island High
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Country Review Working Party, 1994:55). The Europeans had to scramble to come up to
scratch regarding scientific knowledge to de,al with the problem at hand. The lesson for New
Zealand is simply to be prepared. Recent changes in the Public Good Science Fund, creating an
environmental output category, may have helped.
111.3 Lessons with regard to stakeholders
The European example has show that to achieve sustainable resource use requires more than
simply using environmental legislation and/or economic instruments. There is a need to look
for new tools and different approaches. Sustainable use of our resources means that we need to
work together with all those who affected by the way resources are used, ie. the stakeholders.
On the one hand it is now generally understood that "farmers are only one party in decisions
about multiple land use. Increasingly, the farm is no longer viewed - particularly in the
developed countries - as a private property which can be exploited for private commercial gain.
A farmer is seen as the custodial of what are rapidly becoming scarce goods: green space, clean
water, fresh air, biodiversity and natural beauty" (Williams, 1995:21). This view immediately
raises questions about property rights and compensation. Under many laws in the EU, so long
as farmers abide by "good agricultural practices" - and this does not preclude use of nitrate
fertiliser or spreading of animal wastes - then any nitrate emissions from agricultural land are
exempt from state control in most circumstances. In cases where the State or the Region wants
to achieve higher levels of environmental quality, compensation is often paid. The whole issue
of property rights is a complicated one and of great concern to land holders or to quote Graham
Robertson, "recent governments have diluted private property rights by such measures as
prohibiting for aesthetic reasons, the harvesting of forests, or forcing landowners to set aside
reserves along rivers and streams....Federated farmers has strenuously opposed these insidious
restrictions on the rights of owners offreehold property. We believe the issue to be of such
importance that we need to remind all New Zealanders of the inviolate nature of the freehold
title." (Robertson, 1993).
The European situation shows how in the case of France and Germany there is a firm
commitment to compensate farmers for restrictions going beyond good agricultural practices
while for example in the Netherlands farmers carry most of the cost of agricultural pollution
abatement. Property rights can be changed as has been shown in the European situation, and the
notion that property rights are inviolate is something that is not accepted by many. The fact that
some do hold this view shows that to bring about change will require more consultation. While
farmers in some cases are the cause of the pollution problem, they are at the same time also the
solution. This points to working together with farmers and communities. The landcare group
idea, started in Australia and now also present in NZ is a step in the right direction. Other
examples are the Round Table groups in Canada (Williams, 1995), The Rabbit and Land
Management Programme has shown how much can be learned from some basic environmental
monitoring of farm properties, in many ways the mineral book keeping, now introduced in most
of the Western European countries, has done the same.
The Resource Management Act has opened up a way for decentralised decision making and
leaving it up to regions to determine what sustainability is to mean for their region. To bring
this about requires consensus building between industry, government and community interests
that can lead to agreed actions by a diverse range of stakeholders.
The European case shows that this has been happening in some of the countries discussed.
Initially there was enormous opposition to more regulations and costs. But slowly through
extension (something we used to have long time ago) and discussion the command and control
regulations have now been accepted. In some cases positive benefits have flown from them, not
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only for the wider community but also for the farmers in terms of more efficient management of
their own resources.
IV Conclusions
It is easy to say that the European situation is so different from ours that there is little we can
learn from it. In this paper I hope to have shown that that may not be completely true. Sure,
European agriculture is highly subsidised and takes place in densely populated countries. But
as I have shown, the problems are not completely dissimilar to the ones currently (or
potentially) experienced in New Zealand.
While there may not be much comfort to us in tenns of massive reductions in agricultural
outputs due to environmental legislation, simply because it is not happening. there are lessons to
be learned. The few lessons I have drawn from the European case study are:
I. don't take a 'clean and green' NZ for granted. If we don't watch out we soon will be facing
similar problems as those discussed for Europe.
2. to deal with non-point source pollution is difficult. Not only because of distributional
problems (ie. who pays and who benefits) but also because of practical problems. The way
the problems have been dealt with in Europe ~an teach us something about the role of
command and control rules, the place of economic instruments and the issue of property
rights.
3. successful management of the environment requires scientific information and extensive
monitoring. The Europeans had to catch up quickly to get the required data and information
needed for management. It appears that in NZ we also have some catching up to do.
4. successful environmental management (or sustainable management of our resources)
CJJ requires new approaches in terms of science and in terms of working with the multiple
CJJ stakeholders, or "sustainability requires new kinds of lateral thinking, if we are to overcome
the vertically-organised bureaucratic systems, the reductionism of science, and the
compartmentalisation of information" (Williams, 1995,27).
All this appear to be a long way removed from the topic area of this paper, the problem of
nitrate in Europe. Let's hope that in NZ we have the institutions, th·, policies, the people, the
knowledge and the ability to laterally think to keep it all a long way removed. Only in that way
will we stay (or.should I say become) 'clean and green'.
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Table 1. EU Policy Measures Relevant to the EnvironmentS
A. Agricultural policies
• agricultural trade policy
CAP market support measures
• CAP direct payments
• Less Favoured Area payments
• agricultural structural policies
• agri-enviromental measures
- ESA - type schemes
- extensification
- organic/biological farming conversion schemes
- environmental set-aside
- management of abandoned land
- incentives for reducing inputs
- multiple objective ecopoint schemes
- habitat restoration/recreation schemes
• forestry measures
• incentives for alternative crops, biomass production, farm diversification etc.
• agricultural tenure legislation and rules
agricultural research and development
• advice, training and education
B. Regional policies
EC Structural Funds
- Objective I
- Objective Sa
- Objective 5b
- Community initiatives
EC Cohesion Fund
Member States' regional policies
C. Environmental policies
EC habitats Directive
EC birds Directive
LIFE
Member States' nature conservation policies
Member States' environmental policies, including pollution control, physical planning, etc.
controls and taxes on agricultural inputs, including fertilisers, pesticides, etc.
controls and taxes on agricultural outputs, including livestock wastes
controls on agricultural practice, including the storage and handling of livestock waste,
drainage, and irrigation, straw burning, ammonia emissions, tree felling,etc.
5 Source: (Baldock and Beaufoy, 1993, page 94-95). This table presents a inventory of some of the
policies most likely to influence the environment in the EC. Several of these policies involve decisions
at the Community level sueh as the Structural Funds and EC policies on the the environment. The EC
Structural Funds are to promote economic and social development in those regions of the Community
which are lagging behind.
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D. Other policies
economic and employment policies affecting agricultural markets, on and off-farm
employment, interest rates etc.
fiscal policies including income tax, VAT, property taxes, inheritance taxes etc.
policies on farm animal health and welfare, food hygiene, etc.
policies on land ownership and control including the management of common land,
village land, church land, state forests etc.
policies determining local socio-economic conditions, including health, education, housing,
training, water, electricity, transport etc.
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Table 2. Summary of main relevant CAP mechanisms and approximate budgets6
Policy Obiectives Budget Mechanisms
Overall CAP budget Article 39 of the 'Agricultural Expenditures via
Treaty guideline' rising from Guarantee and
35 billion ECU to 38 Guidance Sections
billion 1993/1999 plus systems of
import tariffs
Market support Stable and Approximately 95 per Intervention storage,
'reasonable' prices, cent of above, export subsidies,
assured supplies, fair including most direct consumers subsidies,
living standards for payments direct payments, etc,
farmers
Direct payments Compensation for Approximately 15 Headage payments
reduced prices billion ECU per for sheep and cattle,
(arable), production annum (1994) per hectare payments
incentives (livestock) for cereals, oilseeds,
etc. protein crops
Accompanying Affurestation, early FEOGA cost average Investment in annual
measures retirement and 800 million ECU per payment for
agri.environment annum over five afforestation,
measures years, agri- retirement incentives,
environment 400 incentives for
million ECU per extensification,
annum countryside
management, long
term set-aside, etc.
Structural policies, Support for structural Currently Investment aids for
funded by Guidance change, LFAs, capital approximately 2.8 farm efficiency,
Section of CAP investment, young billion ECU per young farmers,
budget farmers, processing annum (including agricultural marketing
of fann products etc. share of set-aside) and processing, and
LFA payments
Less Favoured Areas Support for FEOGAshare Compensatory
continuation of approximately 460 allowances, mainly
agriculture in million ECU per livestock headage
disadvantaged annum in 199 payments
regions
6 Source: (Baldock and Beaufoy, 1993, page 99). The main purpose of this tahle is to show Ihal the
hudget devoted to the 'accompanying measures" and to support for farmers in Less Favoured Areas is
relatively small in comparison to the rest of the hudget. Most of these figures are however pre 1993
and since then with the CAP reform and GAIT, things have changed.
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Abstract
As trade barriers disappear,
environmental restrictions are arising in
their place. This need not be ofconcern
to New Zealand exporters. New Zealand
trade may in fact benefit from a stiffer
environmelltal regime, although a
number of conditiom would need to be
satisfied: Changes would be needed
both in processes and in marketing in
order to convey the message that New
Zealandproduce is not only "green" but
"clean"; world best practices in
environmental actions should be
emulated; effective branding through
eco-Iabelling must be achieved.
New Zealand has a significant
environmental marketing opportunity.
But it is an opportunity which could be
soon lost without swift actio//. New
Zealand may need to adopt a range of
practices, if it is to be seen as clean as
well as green. lhis could include a
comprehemive marketing programme
supported by a regime of environmental
initiatives such as economic instrumellts
ifit is to succe.\·.~fully bridge that gap.
With two significant factors at work -
one a 'iJilsh" (the trend to stiffer
environmelltal laws) and the other a
''pull'' (consumer requirements for
higher standards) - the challenge for
agriculture may well be to not only
anticipate changes in environmental
regulations but, in fact, encourage them.
As trade barriers disappear,environmental restrictions areappearing in their place. Should
New Zealand exporters be alarmed at the
prospect of new "green" barriers
replacing the old trade ones? Perhaps
not. It could, in fact represent a
significant opportunity, if New Zealand
is able to implement an effective
programme of initiatives.
This paper analyses:
• The likely direction of international
markets;
• The effect upon them of
environmental issues
• New Zealand's preparedness for the
coming changes, with reference to
research findings by Heinz-Wattie,
and the company's export
experience.
New Zealand exporters may find the
ramifications of some of the these
matters perturbing.
Nevertheless, they may ultimately find
that new "green" barriers can work in
their favour.
New Zealanders might be surprised to
learn some of the international consumer
perceptions of New Zealand and its
products. There are some perceptions of
shortcomings which presently create
something of a handicap for the
country's "green" exporting prospects.
New Zealand has an opportunity to
remedy those perceived shortcomings
and establish itself at the forefront of
green exporters. However it is an
2
A concerted branding exercise will be
required, supported by a range of
strategies designed to improve the
process of preparing New Zealand goods
for export.
2. The global position
T he GATT outcome; the PBECinitiative and the general rise ofopen-market policies are all
contributing to a significant liberalisation
of world trade arrangements. At the
same time, there has been an acceleration
in the efforts of the world community to
curb ecological damage. These have
generally been focused on the concept of
sustainable development.
The concepts of free trade and
environmental protection do not
necessarily sit together easily. The quest
for sustainable development can prompt
governments to enact environmental
regulation, which can act as a form of
protectionism. An open market system,
on the other hand, may bring about
ecological disaster by permitting
transnational investment in
environmentally harmful projects in
developing countries with lower (and
therefore less costly) environmental
standards.
The object of the GATT, could
conceivably be undermined by
environmental treaties encouraging the
use of trade sanctions against non-
signatories.
When the true environmental costs of all
business action are fully internalised,
business adjusts accordingly, and those
who use their resources most efficiently
will prosper from their competitive
advantage.
These trends suggest that investment in
eco-efficiency will improve, rather than
diminish, competitiveness. Capital
markets will value companies which
invest in the their future by investing in
sound resource and environmental
management.
companies.
• Employees prefer to work for
environmentally responsible
companies.
• Environmental standards are getting
tougher.
• Economic instruments such as
environmental taxes charges and
tradeable permits, reward clean
companies.
It follows, then, in the view of the
WBCSD, that government action should
work to foster this state of affairs. How
best to do so? The WBCSD suggests
that the full incremental costs of
production and consumption should be
reflected in the costs of goods and
services, and that this should be achieved
through the use of economic instruments
rather than regulation.
more
clean
companies are
to covering
instruments are preferred
they generally provide
with more flexibility to
• Insurance
amenable
Economic
because
businesses
respond.
It could well be that higher
environmental standards in our o",n
country could sharpen the New Zealand
comparative advantage.
Companies which are eco-efficient are
economically efficient - they add
maximum value with minimum resource
use and minimum pollution or waste. In
a competitive market, companies which
are not eco-efficient will tend to lose out
to more efficient rivals.
The efficient management and use of
resources is a priority for business, the
WBCSD says, because of the
increasingly competitive nature of world
markets.
Formed in 1990, from leading companies
in Europe and the Americas, the
WBCSD, offers a business perspective to
world efforts to achieve sustainable
development.
The council has developed a concept
called "eco-efficiency", which establishes
a natural link between business and
environmental excellence.
The progressive approach suggested by
the World Business Council for
Sustainable Development (WBCSD) is
helpful in examining this issue.
The council has reported some examples
of the way in which progressive
businesses are favoured:
• Customers are demanding cleaner
products.
• Banks are more willing to lend to
companies which prevent pollution
rather than risk paying for clean-up.
There is a strong prospect of further
treaty commitments being made on issues
ranging from biodiversity to forestry, and
a particularly agriculture-oriented issue
land-based sources of marine pollution.
Further treaty commitments on issues
such as climate change are inevitable, and
many of the measures implemented at a
local level are likely to take the apparent
form of "protectionism". Recycling
obligations in Germany, for instance,
inevitably favour those located nearest
the consumer.
broad political support for the concept of
sustainable development. The efforts of
the world to actually achieve sustainable
development are by no means well
advanced, however the range of
initiatives taken by various countries,
from Germany's recycling requirements,
to tradeable emission permits in the
United States, from labelling
requirements in EU countries to New
Zealand's own Resource Management
Act are evidence of a political will to
implement specific measures in line with
intemational treaty undertakings given so
far.
Although that issue relates particularly to
the activities of European polluters, it has
more than a little relevance to a nation of
3.5 million inhabitants which tends not to
consider the volume of waste pouring
into our waterways from the more than
60 million head oflivestock.
The prospect of the various initiatives
across the globe to ensure development
is sustainable, and the green barriers they
create, need not spell doom for New
Zealand exporters.
My contention is that New Zealand
nothing to fear from higher
environmental standards. We could in
fact benefit from them.
Will New Zealand exporters, having been
heartened by the prospect of improved
access to markets under GATT and
PBEC, see their dreams dashed by
protectionism in another form?
Could New Zealand be unduly penalising
itself by raising environmental standards
above those of other countries, and
thereby reducing the competitiveness of
exporters?
It is possible, in that sense, that
environmental initiatives will impede
open trading and the economic efficiency
that flows from such a system.
We can undoubtedly expect to see many
more initiatives to raise standards of
environmental practice, both at a global
level and in our own country. There is
From an economic point of view, it may
be quite unnecessary.
There is evidence that businesses which
adapt their practices ahead of the "lifting
of the bar" will enjoy good markets for
their products and services and will profit
from taking the initiative. In the long
run they will be ensuring that they remain
competitive, and, in the process, will
contribute to the improvement of their
added value techniques.
From an ecological point of view, it
would be undesirable for New Zealand to
~ adopt a hostile approach to
""l "protectionism by environmental
regulation," for fear of economic harm.
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Economic instruments such as tradeable
emission permits and carbon taxes are
being used in a number of instances.
Such measures are sometimes claimed to
diminish competitiveness. That has
clearly not been the experience for some
nations. Japan, for example, has an
extensive range of energy taxes, yet
companies there have turned these
"costs" to their benefit by building
energy efficiency into manufacturing
processes.
It may well be worth considering the
prospects of introducing similar settings
here. Just how such settings are
introduced could vary from issue to issue
and sector to sector of the economy.
We should not be averse to the concept
of a mix of economic instruments,
regulation and self-regulation.
But wherever possible, it would seem
desirable to provide as much choice as
possible for businesses and consumers to
arrange their affairs in the most efficient
way.
The important step is to introduce a
range of measures wherever possible to
lift our environmental, and
consequentially our economic, efficiency.
The sooner the country makes such
adjustments , the more likely we are to
lead the competition. If this is the
direction in which world business and
political settings are headed, it is surely
desirable to adapt as soon as possible.
Without question the environmental
standards which imported products must
meet - particularly in prosperous Western
markets - are continuing to rise. In
addition, consumers are showing
5
evidence of a willingness, in certain
circumstances, to pay a premium for
goods which are environmentally sound.
As a processor and exporter of a range
of agricultural products, (with a
particular focus on the Asian market),
our company has researched the trends in
a number of consumer markets. Some
common themes are apparent:
Surveys indicate the possibility that
consumers may buy on "conscience "
only in good times - Premium priced
green safe food products do best in
growth economies and are vulnerable to
recession.
It might therefore be argued that green
marketing is possibly a consumer fad
which may die way. Certainly there is
evidence that sales peaked in 1988, with
consumers abandoning premium priced
green goods as the recession took hold.
Nevertheless a different phenomenon
may be emerging. Consumers may now
be prompted to purchase for reasons of
safety, rather than environmental
conscience. Fear of the food that has
dangerous residues and fear for their
families' wellbeing is likely to be a
stronger motivator to purchase.(source)
Other factors are also emerging. Britain
has seen a growing wave of activism for
animal rights on issues such as live sheep
transportation to Europe, and the
boycott of Shell products in protest at
the dumping at sea of an oil rig. Here in
New Zealand, the action on the battery
hen issue tells us that consumer
sentiment is changing in similar ways.
It is also important to note that the
concept of "green" products varies from
market to market. .
Our market research has indicated that
the Asian understanding of Clean green
issues differs from our own.
In general, it appears that the more
educated the market, the more
favourably disposed consumers may be
to "green" products.
One constant in various markets appears
to be the need for independent credible
testing of goods, given consumer distrust
of industry and manufactures and their
claims.
What is the specific attitude to New
Zealand products?
3. Consumer Perception of New
Zealand products
Export market research we haveconducted so far has identified anumber of very clear points:
• Branding of New Zealand produce
falls far short of what is required;
• The processes we use may not be
sufficiently sophisticated, and are
certainly not perceived to be so;
• Asians' understanding of a clean
green safe positioning may be
completely different from that of
New Zealanders.
In Asia (excluding Japan) the main issues
in terms of food safety appe~ to be
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• Nutritional value;
• Pesticide residue;
• Process cleanliness;
Our company has recently surveyed
Japanese consumers. The findings were
not entirely what New Zealanders might
imagine:
New Zealand is seen as a country which
is rich in natural settings and agricultural
products, but ranks behind Switzerland,
Australia and Canada on the image of:
• Being committed to
conservation of the
environment;
• Being reliable;
• Having food which is safe.
The most important attribute identified
by consumers was that food should have
a "no additives" label which specifies it is
organic or chemical free.
Their preference in general was that
foods which were perceived to be free of
additives and emphasising naturalness
were preferred.
4. Certification and labelling
possibilities
The conclusion we have drawnfrom the research results is that inthe Wattie-Heinz field of
experience - food exports - New Zealand
stands to gain from the establishment of a
national "environmental" brand
supported by a credible and independent
certification process.
Clearly, markets will be receptive to a
labe! effectively marketed and holding a
su:l1cient measure of credibility and
reliability.
The initiatives undertaken in other
countries have left New Zealand's
products looking inferior, despite its
natural advantage.
New Zealand could benefit significantly
from a suitable environmental brand
encompassing "The New Zealand Way"
in the promotion of particular niche
markets.
Our company is presently involved in just
such an initiative with a number of other
bodies, with the goal of establishing the
world's first eco-Iabel for the food
industry.
Although they are economically desirable
activities, they nevertheless threaten our
environment with the prospect of
degradation of the atmosphere, soils and
waterways if we continue to grow
without achieving greater efficiencies.
Each unit of economic output needs to
involve not only less energy, but also less
consumption of all natural resources, less
waste, less pollution and less congestion.
Our company Wattie Frozen Foods,
which processes all our frozen
vegetables, is supporting a number of
major initiatives with our growers
ranging from organic production to spray
programmes using biological control for
pests and diseases. Sprays and other
inputs such as fertiliser are carefully
monitored and targeted to ensure
Much of the "easy" environmental work
has been done. The work we have to do
now is on aspects of the economy which
are permitted uses.
However: If New Zealand wants to use a
unique selling proposition to promote its
food exports - that its food comes form
an unspoiled land with pure, clean air and
water, then its claim must stand up to
scrutiny at every point of the production
process.
There are many opportullllles for the
agricultural sector environmental
technology for one. The global market
for environmental technologies amounted
to nearly $300 billion in 1992. That must
inevitably grow as environmental
regulations compel businesses to find
ways of achieving higher output for the
same quantum of resources.
We expect that by 1998 40 per cent of all
Wattie Frozen Foods vegetable products
produced for retail sales in Japan, will be
organically grown.
T he experience of Heinz-Wattie sofar in "green" exporting has beenvery encouraging.
However organic crops are riot going to
remain something special. Over time, we
may see them as the norm, and we need
to move as far as we can to make them
the norm.
Organic yields have been lower than
conventional crops, but in some instances
we have started to get similar yields. In
areas like Tolaga Bay, with high
unemployment, people are willing to
accept more labour intensive tasks.
Can others expect similar benefits?
Without question.
The demand for organic produce is
colossal - if we only had the material to
sell. In 1993 we had 1000 tonnes going
to peas, beans, sweet corn and carrots.
For the processor, this meant we could
differentiate those organic from our
conventional product and produce an
organic pack.
5. Heinz-Wattie trading and
export development experience.
• Ensure environmental economic costs
are internalised ;
• Anticipate changes in the "green
barriers" by having the highest "bar"
of all;
• Continue to innovate in order to be
internationally competitive in eco-
efficient practices.
In our view, it is crucial that the initiative
succeeds.
The label would be developed for both
export and domestic use. It would
consider the environmental and clean
aspects of the product. It would
incorporates the life cycle development
of that product with specific emphasis on
sustainability.
We would see it taking companies
beyond the requirements of the
environmental standard ISO 1400 I and
providing a means for directing
continuous environmental improvement.
We would hope to see it launched in
1998, and we expect it would be a world
first.
It would support the internalisation of
environmental cost and incorporate life
cycle assessment.
Given the need for a reliable and
independent assurance as to the
credibility of the goods, the question of
branding and eco-Iabelling becomes
extremely important. It is perhaps, the
key chaIJenge for agricultural exporters
in marking out a premium market
opportunity in export markets.
The cleall/greell<mfe consumer
perception will vary by geographic
market
The message needs to be clear, and it
needs to accommodate the differing
points of view in the export markets.
Behind the labelling, of course, we need
to be making the changes. We must:
indicates that the consumers
convinced. A nationally
scheme can be much more
Businesses in other countries have
upgraded their environmental image,
assisted by their governments - Germany
with its coveted Blue Angel established
in 1977, Canada with Environmental
Choice, Denmark's White Swan, and
Japan's Eco-Mark.
Research
are not
accredited
potent.
The efforts of individual companies are
unlikely to be as successful. The
phenomenon of "greenwash", in which
companies loudly proclaim their
"greenness" without significantly
changing their practices has devalued the
currency.CJJ\0
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minimum usage and environmental
problems.
Wattie Frozen also encourages the
maintenance of sound crop rotation
practices for all crops which can assist to
ensure that the soil structure is not
degraded. These practices benefit the
grower and the processor and provide a
further platform for our company's
competitive advantage in the
marketplace.
We have only just touched the surface of
what can be achieved with organic
products.
Consumers are reading our labels for
evidence which will encourage purchase
ofone product from another.
There is a further challenge for us,
however. A sustainable position of New'
Zealand's land based industries will never
be supplying commodities that by
definition others can equally provide. We
simply must add value not only to the
downstream tangible product but also to
the intangibles of service. To aspects
such as anticipating changes ahead of the
customer - bringing ideas to market as
swiftly as possible - being first whenever
possible.
There is a need for market intel1igence to
be aware of international regulatory
changes. From an environmental point of
view, a country which is ahead of all
others in its technology and practices is
less likely to find such changes an
obstacle, and may in fact benefit from
being able to achieve access where others
lose out.
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Moreover, it is important to spot such
changes before they happen, in order to
ensure that the new opportunity is
available - if a restriction is due to go on,
the exporter who is prepared will be able
to capitalise on the opportunity.
Other issues which New Zealand must
address if it is to profit from a greener,
more open international trading market
include:
• The need for greater skills training. If
we are to apply superior technology
to our product development, we need
to have the skills to do so.
• The need to maintain labour market
flexibility.
6. Conclusion
I nternational markets are highly likelyto trade under a "green open-market" framework in the
foreseeable future. If the world is to
enjoy economic growth, and cope with
population growth past levels already to
high to sustain, any growth will have to
come from the more efficient use of
existing resources.
New Zealand agriculture could benefit
significantly from the raising of "green
barriers", however significant
improvements will be necessary.
It will be necessary to become an
innovator in eco-efficiency in order to
remain ahead of international initiatives.
It will be necessary to remedy perceived
shortcomings to the claim of being clean,
green, and safe. Development of suitable
eco-branding, supported by a framework
of high environmental standards, appears
to be the most effective method for doing
so.
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New Zealand has made a start. We now
must establish a regime which ensures
that our claims to be clean, green and
safe are proven.
IMPLEMENTING THE RESOURCE
MANAGEMENT AND BIOSECURITY ACTS:
IMPLICAnONS FOR AGRICULTURE
Because, in all probability, I shall run short of time in addressing all 01 these matters, let me commence
by thanking you for the invitation to address you. Hopefully, a constant theme which will emerge from
my ilddress is that of the need for the agricultural sector to be well-informed and well-organised so as
to address the challenges of the Resource Management Act and the Biosecurity Act, to the benefit of
agnculture. Responsibility for assisting that rests, in part, with all of us present.
OVERVIEW OF THE RESOURCE MANAGEMENT ACT
The Resource Management Act has a well-ordered and robust construction. This is only to be expected
following the long period of consultation and effort that preceded its enactment. The Act provides for
a heirachy of policies, plans and other instruments subservient to an over-arching statement of purpose
and a series of principles (Figure 1) '.
Part II 01 the Resource Management Act provides an 'up·front' statement of purpose and principles.
Section 5 describes the purpose as 'to promote the sustainable management of naturaf and physical
resources' .
~
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INTRODUCTION
Enactment of the Resource Management Act 1991 and the Biosecurity Act 1993 has given rise to a
great deal of activity in recent times. Generally, the transition from the old legislative regime to the new
has occurred in a constructive manner.
Inevitably however, wider influences in our society have impacted on and sometimes confused the
movement from the old to the new. tnternational influences, major economic restructuring, massive
state sector reform, and the equally large restructuring of local government, have resulted in a 'rapid
change' environment arguably unparalleled in any western democracy in recent times.
Within such an environment, understanding and communication often lags behind events. Misinformed
reaction often replaces considered discussion. The Resource Management Act and the Biosecurity Act
regimes have regretably been the recipients of a considerable amount of such reaction.
The importance of the agricultural sector to New Zealand cannot.be overstated. The roles of the
Resource Management Act and the Biosecurity Act in underpinning the future security of agriculture,
will also be vital. Over 50% of New Zealand's land is used for agriculture. Pests have always been and
may increasingly be a substantiat issue for the agricultural industry.
Sustainable management is defined as
'managing the use, development, and protection
of natural resources in a way, or at a rate, which
enables people and communities to provide for
their social, economic, and cultural well being
and for their health and safety while -
(a) Sustaining the potential of natural and
physical resources (excluding minerals) to meet
the reasonably foreseeable needs of future
generations; and
(b) Safeguarding the life-supporting capacity of
air, water, soil and ecosystems; and
(c) Avoiding, remedying, or mitigating any
adverse effects of activities on the environment. '
The balance of Part II comprises a range of
specified matters which have to be recognised
and provided for, or had particular regard to, or
taken into account, by all persons in the pursuit
of their responsibilities· towards achieving the
purpose of the Act.
Part III of the Act proceeds to a range of duties
and restrictions on the use of resources. Part IV
details the functions, powers and duties of
Central and Local Government.
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In prOViding comment on the implications for agriculture of the implementation of these two statutes.
I intend to:
(i) provide a very brief overview of the Resource Management Act and the Biosecurity Act;
(Ii) note a few key points of comparison between the two statutes;
(iii) discuss the message of the Resource Management Act for agriculture and the role of regional
policy statements, advisory services, and regional and district plans in implementing that message;
(iv) provide some elements of perspective in respect of the Resource Management Act; and
(v) discuss implementing pest management under the Biosecurity Act with some particular comment
on the proposed national pest management strategy for Bovine TuberculosIs.
A h . k f . I'f' h b I f h Figure 1:t tens 0 overslmp lYing, tea ance 0 t e
Resource Management Act, a further eleven
parts, provides the smorgasbord of instruments
and procedures available for use by those persons exercising functions, powers and duties. Some of
these instruments, including consent regimes, district plans, and the New Zealand Coastal Policy
Statement are prescribed, mandated requirements. Others, such as regional plans (other than for the
coastal marine area) and enforcement, are discretionary instruments.
From: Hutchings J L, 1994, Interrelationshipsr Integration and the Regional Policy Slatemant. TafiJnaki Regional
CounCil. Slr.llord
~
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Since enactment, lively debate has occurred over the meaning ot the purpose and, in particular,
whether the purpose has an ecocentric orientation whereby 'bio-physical bottom lines' are afforded
priority, or an anthropocentric interpretation indicating a balancing of ecological and societal
development functions'. Similarly debates are occurring on the definition of the boundaries 01
responsibility between administering agencies and the hierarchial relationships between various
planning instruments3•
These issues of interpretation were inevilable in the transition to this legislation. NotWithstanding, the
key point to note is that the Resource Management Act records a statement of desired outcome for the
management of natural and physical resources. All persons, and particularly local government, have
specific functions and duties directed at achieVing that purpose.
Regional councils have a pivotal role to play in the achievement of the purpose of the Resource
Management Act. It is important to note that the Act olters no discretion to councils as to what those
functions are (Appendix 1).
Section 30 commences a prescription of functions with the instruction:
'Every regional council shall have the follOWing functions for the purpose of giving effect to this
Act in its region . '
However, there i? considerable discretion available in respect of how those functions are addressed.
Operating within the disciplines of the public policy process provided within the Act, communities in
conjunction with their councils, are able to define whatever methods of implementation are deemed
most fitting to address resource management issues. To that extent, the Act is very enabling. The Act
places emphasis on addressing the effects of activities as opposed to addressing activities per se and
provides a duty on councils, through Section 32, to carefully assess the use of alternatives to
regulatory intervention.
OVERVIEW OF THE BIOSECURITY ACT
The Biosecurity Act has two major components. The first of these may be described as 'border
security', whereby the Act enables the prevention of harmful organisms from establishing in New
Zealand. Controls are able to be placed on the importal;on of 'risk goods' (Part III). Surveillance is
enabled to provide warning of the presence of unwanled organisms and for lhe control or eradication
of such organisms if they are found (Parts IV, VI, VII, VIII and XI).
The second component of the Act focuses on the management of any harmful organisms already
established in New Zealand. This component is described as 'pest management' and principally
comprises Part V of the Act. The following comments on Biosecurity Act matters are confined to this
pest management component.
The purpose of pest management is state,d as being 'to prOVide for the effective management and
eradication of pests' (Section 54).
See for example: Fisher 0 E, 1991: The Resource Management Legislation of 1991: A juridiciaf analysis of its
objectives in Resource management. Brooker and Friend Ltd. Wellington; MiJfigan J R, 1992: 'Pondering the While'
Terra Nova, May 1992; Turner AM. 1993: Memorandum for the Representative of the Minister of Conservation and
other persons interested concerning the inquiry into the Proposed New Zealand Coastal Policy Statement; Upton 5,
1994: Address to the Resource Management Law Association Conference.
These matters were recently considered by the Planning Tribunal in two separate cases brought pursuant to Section
311 of the Act (North Shore City Council and Oll,ers vs AUckland Regional Council t995 NZRMA 521 and Canterbury
Regional Council vs Christchurch City Council and a/hers AB9(94). In both cases. Ihe decision of the Planning Tribunal
was appealed. A decision of the Court or Appeal Is awaited.
Except for an abilily to undertake small-scale pest management operations to control recently
established unwanted organisms from becoming major problems', future pest control will necessarily
occur through the development and implemel)tation of pest management strategies.
National pest management strategies may be developed by any Minister of the Crown, subject to co-
ordination with the Minister of Agriculture. Regional strategies may be approved and implemented by
regional councils. Both types of strategy are prepared through a public consullation process but with
more limited rights of appeal than for regional policy statements and plans prepared pursuant to the
Resource Management Act.
Strategies may be prepared for a single organism or a group of Or(lanisms (designated as pests) and
may include proposals for the control of pest agents or vectors.
Each strategy must specify:
(i) a proposer, who may be an organisation such as the Animal Health Board;
(ii) the pests and pest agents to be controlled and whether these are to be made notifiable;
(iii) the management agency responsible for imptementation;
(iv) strategic objectives and control methods;
(v) effects on Maori cultural interests, the environmenl and international obligations;
(vi) land occupier responsibilities;
(vii) how the costs will be met, including binding agreements from revenue contributors;
(viii) compensation provisions, if any, are required; .
(ix) legal powers of enforcement;
(x) monitoring proposals; and
(xi) matters of conflicVco-ordination with any other strategies.
A range of revenue sources are available to fund strategies, subject to agreement by the parties
involved. These include direct charges, levies, taxes and rates. Local authority general rates may be
used to fund the implementation of national strategies but only separate differential rates may be used
for the implementation of regional. strategies.
There are a number of important iunding principles defined in the Act which have to be addressed in
strategies. The first of these is a requirement to establish that the total costs of the strategy will not
exceed the total benefits. This test in similar to the Resource Management Act's Section 32
reqUirement Whereby the costs of intervention are compared against the 'do nothing', or the 'do
something else' options. For many of New Zealand's existing declared pests, this first test may prove
diffiCUlt to pass. Secondly, there is a requirement to identify strategy beneficiaries and pest
exacerbators, namely, those who will benefit from the strategy and those who contribute to the problem.
These are the parties deemed with the responsibility for funding. As one can imagine, it is often very
difficult to define beneficiaries and exacerbators without a considerable degree of subjectiVity and the
use of assumptions, especially when often quite large funding Implications arise.
Accordingly, pest management strategies can only proceed If parties agree and are prepared to
contribute funding. If agreement is not reached on a strategy, then it goes nowhere.
IMPORTANT POINTS OF COMPARISON
The Resource Management Act and the Biosecurity Act are often noted as companion statutes. Both
focus, In a broad sense, on the management of New Zealand's natural resources. They are both
Parliamentary products of the 1990s and although transition periods are in place during which former
statutes still have variable degrees of force, both Acts were aimed at replacing and integrating a large
number of often ad-hoc and disil9gregrated statutes,
See: Secl/on 100 of the Blosecurity Act.
~On the face of it, similar types of instruments are provided within both statutes. National policy
statements and national pest management strategies, and regional policy statements/plans and regional
pest management strategies, are very broadly similar instruments.
Both Acts are enabling, in the sense that, through the process of developing and adopting policies,
plans, or strategies, a variety of responses may be developed and tailored to meet the specific needs
of any issue. Methods of implementation may vary from regulatory rules and enforcement to the
provision of advisory services or works. The costs and benefits of intervention are required to be
addressed and a wide range of revenue sources are 'on the menu' to support administration and
implementation activities.
However, over and above these very general similarities, fundamental differences exist between the
statutes. These differences principally arise from the inherent but contrasting philosophies that underpin
the respective statutes. These may be briefly highlighted as follows:
Purpose
The Biosec\Jrity Act does not have a single over-arching stat€'ment of purpose. There is no 'biosecurity
vision' in the manner of Part II and, partiCUlarly, in the manner of Section 5 of the Resource
Management Act. Notwithstanding the outcome of current debates on the precise meaning of Section
5, the Resource Management Act clearly directs resource users and managers toward the task of
promoting the sustainable management of natural and physical resources.
By contrast, under the Biosecurity Act, an unwanted organism is not a pest until parties agree on a
strategy to manage it. There is basically no fundamental 'ecological bottom line' approach to pest
management.
Accordingly, pest management strategies prepared under the Biosecurily Act may tend to be developed
reactively, rather than progressively. Pest management strategies will not be prepared until pest
problems are sufficiently manifest, in either the form of an economic or environmental threat for
beneficiaries and exacerbators, such that affected parties will agree on a strategy and voluntarily sign
up to fund implementation.
Prescribed Functions and Discretionary Powers
At noted, the Resource Management Act prescribes a range of very specilic functions for organisations.
For example, regional councils are required:
'fa control the use of land for Ihe purpose of-
(1) soil conservation . ... etc' (Appendix I)
All of the functions prescribed for an organisation are focused on giving effect to the Resource
Management Act's purpose and principles. In other words, the 'front-end' of the Act is prescriptive.
However, the methods which may be adopted towards meeting those functional responsibilities are
enabling.
By contrast, the intention of the Biosecurity Act is to enable the management of pests. Appropriate. legal
authorities exist only if people have agreed that they want organisms controlled. Regional councils,
Ministers, and others are granted a range of powers which they !!lID'. exercise, as opposed to functions
which they must exercise. Even the task of monitoring and carrying out surveillance, to determine the
extent of a pest infestation problem, is a discretionary power of regional councils.
Funding
The Biosecurity Act contains a range of funding tests aimed at sheeting home the decisions and costs
of pest management to those who benefit and contribute. Regional councils have very specific tests
to meet which conspire against the use of general rating funds and work, by comparison, In favour of
differential rates and user charges.
ThE' Resource Management Act empowers councils to apply user charges consistent with 'polluter-pays'
concepts but stops short of prohibiting the use of general rates for certain activities. In addition, whilst
section 32 exists to bring discipline to beijr on decisions associated with regulatory intervention,
councils have discretion to make their revenue-sourcing decisions through normal Rating Powers Act
1988 and Local Government Act 1974 procedures. 'User pays' is not an enshrined statutory objective.
Indeed, the thrust of section 36 of the Resource Management Act could be interpreted as being
designed to protect resource users against 'too much' direct charging, in favour of the use of more
widely-sourced revenue such as rating. .
In addition to the above-raised issues, there are also a range of 'minor-to-significant' variations between
the two statutes which are of a mainly mechanical/technical nature. The powers of enforcement
contained within the two statutes, for example, are quite different.
A substantial amendment to the Resource Management Act in 1993 tuned and corrected a number
of perceived 'technical problems'. More changes of this type will no doubt be reqUired in the future as
experience dictates. Changes to the Biosecurity Act will also be required to correct technical
deficiencies, notably to provide for an effective enforcement regime.
However, it is because of those fundamental differences relating to purpose, functions versus powers,
and funding, that the implications of the two Acts for agriculture, and indeed other sectors, will be
markedly different regardless of the partiCUlar issues being addressed.
Under the Resource Management Act, natural and physical resources will be managed to meet bio-
physical sustainability objectives. Everybody, but especially specified bodies, are responsible for
resource management.
Under the Biosecurity Act, pests may be managed if people want them managed. Everybody, but no
body in partiCUlar, is responsible for pest management.
IMPLEMENTING THE MESSAGE OF THE RESOURCE MANAGEMENT ACT
The Resource Management Act presents a rather simply-stated message forthe agricultural community,
as follows:
Agricu/lural activities which give rise to unsustainable environmental effects will have 10 be either
appropriately modified or cease.
Such a message gives rise to two important questions:
(i) What are these unsustainable activities? and
(ii) How will modification or cessation occur?
Regional policy statements and regional and district plans are the instruments designed to provide
answers to these questions.
Regional policy statements
Regional policy statements are either operative, or in an advanced stage of development for all regional
council jurisdictions. Policy statements are pivotal statutory instruments within the Resource
Management Act framework (Figure 1).
tThe purpose of a regional policy statement is 'to idenlify the resource management issues of a region,
and policies and methods to achieve integrated sustainable management of the natural and physical
resources of the region'. 5 6
An analysis of proposed and adopted regional policy statements provides a reasonably consistent list
of significant issues. Many of these issues are associated with agricultural activities, or more precisely,
the effects arising from agriCUltural activities. The main sustainable land management issues may be
listed as follows:
(i) accelerated soil erosion, principally arising from pastoral farming activities on steep hill and high
country;
(ii) degradation of Classes I and II (elite soils) land, including soil compaction, decrease in fertilily and
soil contamination arising from intensive horticullure and agriculture;
(iii) water quality effects arising from both point-sourced discharges of dfluent, and more particularly,
from diffuse sources of contamination including effluents, nutrients and direct access of stock;
(iv) adverse effects or: river and lake beds, including siltation and aggradation with consequences for
flood risk, accelerated in many cases by pastoral farming activities;
(v) loss of biodiversity and drainage of wetlands, in many cases arising from agricultural development
activities.
This broad synthesis of the most common issues, identified from regional policy statements, is
reasonably consistent with recent governmental analyses of sustainable land management issues'.
Further detail on the extent of these issues is contained, to varying degrees, in each regional policy
statement.
One of the problems faced by regional councils has been a lack of sound knOWledge with which to
describe accurately cause and effect relationships and to thereby transfer such knowledge through to
policy and methods of implementation. This issue of usable, holistically-based research, focusing on
primary issues, was a key reason for the Minister of Science and Research establishing a Strategic
Consultative Group on Sustainable Land Management Research".
Two principal types of method are proposed within regional policy statements to address sustainable
land management issues. These are:
(i) provision of advisory services; and
(Ii) regUlatory rules prOVided through the development of regional plans.
Advisory services
Advisory services promoting sustainable land management are available to land users, to varying
degrees, from most regional councils. Most services are freely provided. A few have user pays
elements and some councils even make available 'seeding grants' in support of works.
The preparation of regional policy statements has been an absorbing and extensive undertaking for regional councils.
In the case of Taranaki, a range o( working papers were prepared on 'issues of regional significance' and associated
management options. Framework papers exploring the role of the regional policy statement and the scope and
boundaries of its components were also prepared. Extensive informal and formal consultation occurred.
See: Appendix II, Regional Policy Statement lor Taranaki. Taranaki Regiona/ Council. Stratlord. September 1994.
See Section 59.
In Taranaki's case, the Council prepares 'sustainable farm management plans' for land users and, in
particular, hill country farmers. This service is free of charge, and involves preparing plans in
conjunction with farmers. This service has proved to be very popular. The plans are based on a
'whole-farm' approach and incorporate land capability mapping and land use (particularly agroforestry)
economic modelling, utilising sophisticated computer techniques and relevant research information. A
similar service is available for land users who seek advice on riparian planting and protection work.
Surveys have shown that the plans are being actioned, although often with significant variations. The
demand for these types of advisory services is expected to increase in the future as relationships of
trust overtake perceived threats.
Farmers would have to be very short sighted n~t to be increasingly receptive to advice on sustainable
land management. Such a receptive altitude is necessary, not only because the wider society demands
this, through the Resource Management Act, but because farmers have important practical knowledge
and indeed, a clear vested interest, in protecting the future of their primary asset - land. Farmers should
promote and utilise these types of services and become increasingly involved in the underpinning
research and monitoring so as to lead progress as opposed to the ugly alternative of being lead by
regUlatory means.
Regional and District Plans
Most regional councils are preparing regional plans which will impact on certain agricultural practices.
District councils are preparing district plans to replace old district schemes.
With the exception of a mandatorily reqUired coastal plan, regional plans are discretionary instruments.
Plans will be the repository of rules that prohibit, regulate or allow activities.
During the early stages of implementing the Resource Management Act, there was a considerable flurry
of activity by regional councils towards the preparation of regional plans, especially those a&sociated
with 'controlling the use of land' consistent with the functi::mal directives of Section 30. I believe that
a substantial portion of that work was ill-timed and poorly directed. Whilst noting that, in certain cases,
existing land control instruments were due to expire following quite tight transitional periodS", hindsight
suggests that a rather over-enthusiastic response occurred to the provision of this new statutory
instrument, without the benefits that could have arisen from the completion of the over-arching regional
policy statement process and, more importantly, a careful examination of the Act.
After considerable deliberation, the Taranaki Regional Council has decided to prepare just six regional
plans. These plans will be constructed on the generic basis of the consents and resources found in
Part III of the Act'o. This approach is viewed as preferable to an activity, or issue-based approach,
because it is considered that the laller approach provides too much opportunity for non-integrated, and
possibly inconsistent, treatment of effects to occur.
We have formed the view that, in addition to preparing plans with the aim of promoting sustainable
management, a key aim of regional plan preparation should be thai of providing greater efficiency in
resource management administration. With the notable exception of the land disturbance plan, regional
plans will be used to remove the unnecessary time and cost associated with consent processing. The
opportunity to categorise a wide range of resource use activities, with well-known andlor minor effects,
as permilled or controlled, will be optimised. If allended to competently, it is considered that this
proposed unclullering of the administrative machinery will enable the resources of the Council to be
more clearly focused on the material issues. This, in itself, will significantly contribute to the promotion
of the purpose of the Act.
For example, Soil Conservation and Rivers Conlrol Act 1941, Section 34, notices of Safeguards Against Erosion,
expired In October 1g93. '
See: A sustainable Land Management Strategy lor New Zealand. Ministry lor the Environment. Wellington. June
1995,
The Strategic Consultative Group on Sustainable Land Management Research wiff be reporting Its lindings In mid-1995.
10 The six proposed plans will address the (ollowing resource or consent matlers: coastal marine area; discharges 10 air;
discharges to land and water; allocation and dlvarslon 01 water; occupation 01 rlva,s and land beds; and the disturbance
aI/and.
Plans associated with controlling land uses will inevitably increase regulatory intervention in direct
contrast to other types of regional plans. Extra caution is therefore required by councils, both district
and regional, in preparing such plans. The reason land use plans are different lies in what has been
termed the 'permissive presumption' associated with land use matters. This presumption is in contrast
to the presumption associated with the use of other resources such as air, water and the coast. The
ellect of Section 9 of the Resource Management Act is that the use of land is now permitted unless that
use contravenes a district or regional plan. This provision is diametrically opposed to the presumption
of the former Town and Country Planning Act 1977.
In my view, too many planners have not yet made the paradigm shift to incorporate this 'permissive
presumption' into their thinking. This is evidenced in the emergence of too many old-style concepts,
repackaged in the new terminology, in recent discussion documents and land use plan proposals.
The agricultural sector, in particular, needs to be vigilant in ensuring that both district and regional plans
focus on the 'effects' that need to be addressed through regulatory intervention and that the philosophy
inherent in Section 9 pervades the approach of councils to their planning functions.
At the district level, in particular, many of the institutionalised approaches to subdivision, zoning and
so on, need to be almost totally abandoned. I have no doubt that most district plans should be only
'shadows' of their predecessor district schemes. District planning under the Resource Management Act
should produce less, not more, net regulation for the agricultural sector.
THE RESOURCE MANAGEMENT ACT IN PERSPECTIVE
Having noted a range of matters associated with the implementation of the Resource Management Act,
it is important that these matters now tie placed in perspective.
The Resource Management Act is not the first resource management statute to have effect in New
~ Zealand. It was preceded by a number of statutes which had a significant impact on agricultural
U1 activities in this country.
For example, throughout the 1970s and 1980s the Water and Soil Conservation Act 1967 provided the
framework from which many of the water quality issues associated with agriculture were substantially
progressed. In Taranaki alone, over 2500 dairy farmers were required to obtain consents and install
wastewater treatment systems. This occurred, at a typical cost, in today's terms, of up to $5000. A
marked improvement in water quality occurred. In addition, substantial improvements were made to
dairy factory, freezing works and community wastewater treatment sy, ,ems at a cost of tens of millions
of dollars.
The Taranaki Regional Council and its predecessor Regional Water Board have been monitoring water
quality on the Taranaki Ring Plain, principally through a technique involving the analysis of
macroinvertebrates and the application of index scores to a large number of sites. This reasonably
robust 'impact-based' monitoring requires cautionary interpretation, but it has shown a general trend
of improvement in water quality over the past decade, during a time of considerable expansion in cow
numbers".
A second major issue associated with placing the Resource Management Act in perspective is that of
the changed role of the Government in the development and support of agriculture.
Duriny the 1960s and through to the early 1980s, hundreds of millions of taxpayers' dollars were voted
toward subsidising agriculture through a range of well-pUblicised programmes. For example, thousands
of suspensory land development encouragement loans, totalling in the order of between $40 million and
$50 million per annum, were made by the Rural Bank right up until the early 1980s. These loans were
used, amongst other purposes, for 'the development and grassing down of undeveloped or rever/ed
country'l2.
Rural water and irrigation scheme capital works were heavily state-subsidised as were flood control and
drainage scheme works and maintenance, the latter at a cost in the order of $30 million per annum.
These were glorious days, representing the culmination of New Zealand's pioneering spirit. But they
have now ended to the extent that today, apart from a significant research and science vote, relatively
few taxpayer funds support the development of the agricUltural sector. Even Government-supported
advisory services have been pruned to an almost non-existent level.
Regardless of personal views of the merit of these changes, they have and will continue to dramatically
allect sustainable land managemanl issues, particularly with respect to marginal lands. Over the last
century, there have been three, possibly four, major periods ot intensive pastoral development of
marginal hill country, prompted by state intervention, followed Ly often equally dramatic retreats.
It has long been my view, that if the Government was serious about promoting sustainable land
management, particUlarly in the North Island hill country, then its best move was to get out of the
business of supporting, to ridiculous levels, unsustainable development. It has done so and, as a
result, dramatic changes are occurring in our Region, quite apart from any inftuence of the Resource
Management Act.
The Taranaki Regional Council is presently engaged in developing a photogrametrically-based land use
monitoring database for the eastern hill country. This task involves translating land use changes onto
modified land use capability/sustainability suites. Indicative results are showing very substantial
changes towards agroforestry, forestry, retirement and more intensive use of land with a better
capability. The direction of these land use changes is, in almost every way, consistent with Resource
Management Act objectives, but promoted almost entirely by market forces".
IMPLEMENTING PEST MANAGEMENT UNDER THE BIOSECURITY ACT
Organisations and individuals are still at an early stage of developing pest management strategies. The
Animal Health Board/Minister of Agriculture has prepared discussion documents designed to assist with
the production of a national strategy for Bovine Tuberculosis. Furthermore, the Ministry of Agriculture,
other government departments and a few nationally-focused organisations, for example, the meat
industry and Federated Farmers, are doing preliminary work on issues such as sheep measles and
Class A noxious plants.
Regional councils have prepared discussion documents and proposed strategies to address the control
of a range 01 animal and plant pests. At an early stage, councils formed a group of staff which
prepared a generic guideline document to assist in the development of regional plant pest management
strategies focusing on noxious plant control". This has proven to be very useful.
It is important to acknowledge these types of major resource management advances within the
agricultural sector and to seek to build on them through Resource Management Act processes. Too
often, one encounters 'sustainability rhetoric' seemingly based on the naive notion that the Resource
Management Act will, of itsell, solve all of our environmental problems and that nothing was being done
prior to the enactment of the Resource Management Act. The Act should be recognised for what it is;
a logical progression in the development of statutory tools arising from gradually changing community
attitudes, both inside and outside the agricultural sector.
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See: Rural Bank Statistics. New Zealand Official Yearbooks. Department of Stalislics. We/lington
See: Lend-Use Monitoring in the Taranaki Region: A Pitot Pro/eel. Landcare Research New Zealand LId. 1995
11 See: Freshwater Macrolnver1ebrate Community Data - A review of the results of over 50J biomoniloring SUfVf1YS
undertaken between 1980 and 1994. Taranaki RS910nai Council. Stratford. 1955 " Sae: Regional Plant Pest Management Strategies - A Guide to Their Purpose, Preparation and Content. BiosecurityGeneric Guideilnes Group. Septamber 1994.
Animal and plant pests have traditionally been destroyed for animal health and ecological reasons and
to reduce grazing and weed competition. History has demonstrated that ad hoc, stop/start control
programmes fail. A solid investment in research is necessary to attempt to find more cost·efficient,
long.term and more environmentally acceptable control measures. New and better techniques are
constantly required to overcome the evolutionary tendencies of pests to develop immunities and, in the
case of animals, bait shyness. Pests are normally pests because they are great natural competitors
and are difficult to control.
The ability to develop and implement long·term, comprehensive and statutorily enforceable pest
management strategies is accordingly welcomed progress.
The agricultural sector is very susceptible to the impacts of pests. ranging from rabbit infestations to
potential trade sanctions related to diseases. It is of obvious importance for the industry to proactively
keep ahead of pest issues.
The message of the Biosecurity Act is that it is now almost fully the task of the agricUlture sector to do
exactly that. This will require leadership, organisation and investment from within the industry. With
due respect, I fear the industry, because of its disparate n8ture, will have some difficulty in meeting that
challenge.
The Biosecurity Act signals an end to the days when central and local government determined what
pests would be managed and injected substantial taxpayer and ratepayer funds towards that
management.
The Crown may be expected to commit funds to control programmes, acting principally in its capacity
as a landowner. However, the Crown may not be bound to contribute to the implementation of
strategies unless it agrees to be. Recent increases in Crown expenditure on possum control, particularly
for work on the DOC estate, is welcomed. However, Department of Conservation officials have clearly
signalled that their priorities solely relate to conservation goals. The Department has little interest in
~ 'signing up' as a party to the integrated approach embodied within pest management strategies. Such
0\ matters have to be of considerable concern to the agricultural sector.
Within a number of regional councils, there is considerable political support for providing general rate
revenue to fund pest control programmes. Particular support has been, and will be, directed toward the
Animal Health Board's vector control programmes. Councils have traditionally provided tens of millions
of dollars per annum of such support. However, the funding principles contained wittJin the Biosecurity
Act will, in my view, expose councils to the risk of successful challenge to their rating policies if they
continue to apply general rates to works programmes in this manner.
A case.!!lID'. be able to be made, and judicially supported if necessary, for general rates to be used for
monitoring, general facilitation and enforcement. The costs of these aspects of pest control have always
generally been met from general rates for noxious plants control. However, it has fallen to the occupier
to be responsible for the larger costs of implementing weed eradication programmes.
In my view, the way in which funding sources have been traditionally developed to support noxious
plants control and, more recently, rabbit control in the South Island, are the models of the future. These
models are consistent with the Biosecurity Act's funding principles. These principles imply that a similar
approach will be required for the control of possums. The 'self hetp' approach adopted by the Taranaki
Regional CounCil recognises the requirement for individual landowners, after initial Council assisted
'knockdown', to implement maintenance programmes."
Tuberculosis and especially for the funding of associated vector control. Within its recent discussion
document'6, the Animal Health Board is proposing that regional rate contributions increase from a
present $3.5 million/annum to $11.8 million/annum in five years. Even if the Biosecurity Act did not
contain funding principles aimed at the internalisation of costs, such an increase in regional rates would
have been very difficult to accommodate. As it stands, such increases will, in my view, prove
impossible to justify despite the obvious existence of goodwill. The use of general rates to fund even
the existing level of vector control would be highly challengable.
Recent court cases challenging council rating systems17 serve as a cogent reminder that local
government rating policies are accountable and open to judicial review. Little appreciation seems to
exist in many quarters of the very different accountability regimes that exist between central government
and local government in the matter of generating taxes and rates respectively.
If, as I suggest, the Biosecurity Act and the Rating Powers Act, direct that, in essence, only differential
rates or user charges may be used to fund vector control works, then certain farmers in endemic parts
of New Zealand, such as those located in the middle North Island and on the West Coast, would
experience very sizable increases in rates or charges. These increases will be in the order of sp.veral
hundred percent. Such charges may well cause significant changes to the types of farming practised
in these areas.
It might be contended that this is what was intended by the provision of 'cost internalisation' principles
within the Biosecurity Act. However, I am more inclined to the view that the principles were enshrined
in the absence of a thorough analysis of the potential ramifications of such policies and, in particular,
without a clear understanding of how local government's ability to be a funding contributor would be
affected.
SUMMARY
In conclusion, the follOWing points are noted:
1. The Resource Management Act will have a significant impact on agricultural practice. There are
a range of issues that councils, together with the farming community, need to understand and
progress over time.
2. However, previous substantial progress on major issues needs to be acknowledged. The 'cost
internalisation' associated with land development proposals, flood and drainage schemes, and
other resource management·related projects have already resulted in significant, generally positive,
impacts on the environment.
3. The agricultural sector needs to encourage and support the development of useful research
information and the provision of local government advisory services with a view to ensuring that
constructive and soundly·based policies and directions are implemented.
4. There is an opportunity for a reduction in the quantum of resource management rules proVided
through Resource Management Act plans. The extent to which this will be realised is partly in the
hands of planning practitioners, but it largely rests with the agricultural sector. Issues must be
proactively addressed. The agricultural sector has to lead. If the agricultural sector does not lead,
then it will be led by local government and other external forces.
THE BOVINE TUBERCULOSIS STRATEGY
The Biosecurity Act has brought with it a serious challenge to the future management of Bovine
'6 See: Tb Beyond 2000 - A Discussion Paper Prepared by the Animal Health Board. March 1995. Animal Health Board,
Wellington.
15 Regional Pest Management Plan, May 1991. Taranaki Regional Council, Stratford.
17 See for example: Woolworths New Zealand Limited v Wellington City Council (High Court, Wellington Registry
CP385/94).
McKenzie District Council v ECNZ (1992J 3NZLR 41;
South Walketo Dfslrict Council v ECNZ (High Courl, Wellington Registry CPI6/93).
5. The development of a proactive approach to the purpose and principles of the Resource
Management Act will provide the agricultural sector with considerable protection against day-to-day
economic pressures as well as resource management threats to the long-term future viability of
agriculture.
6. Effective pest management is of fundamental importance to agriculture. The Biosecurity Act clearly
signals that it is the role of the agricultural sector to determine what pests it wants to control, how
to effect control, and to largely fund such control.
7. Subject to inevitable legislative tuning, national and regional pest management strategies are
soundly based instruments through Which to develop and implement control strategies.
8. The funding principles within the Biosecurily Act strongly direct that costs be internalised. Existing
approaches to noxious plants control and, more recently, to rabbit control (where taxes and rates
are applied to facilitation, monitoring, enforcement and research, but control activities are user-
funded) are, in general, consistent with the thrust of the Biosecurity Act.
9. Present funding proposals for Bovine Tuberculosis control are inconsistent with these approaches
and expose regional council rating policies to the threat of successful challenge. This is of major
concmn. The integrity of proposals to control New Zealaml's most important current pest
management issue is questionable.
CONCLUSION
Enactment of the Resource Management Act and the Biosecurity Act has been perceived as being
threatening to the agricultural sector. Constructive leadership and organisation is required from within
the sector to overcome these threats. This leadership must be accompanied by appropriate investment.
Only then will the considerable opportunities provided by both statutes for greater freedom and sell
~ determination be grasped. If this does not occur, then perceived threats may become real. Uncontrolled
'1 pest problems will impact on production and trade and greater regulatory intervention will be applied
by councils as they attempt to meet community resource management aspirations. Such realities are
obviously best avoided.
New Zealand will probably never again have a Government with as much practically-based experience
of agriculture around its Cabinet table as the current one. Political institutions, at both central and local
government level, are increasingly experiencing less farmer representation coming through the electoral
process. Even in a region as agriculturally dominated as Taranaki, no regional councillor is a practising
farmer. As a consequence, recognition, of the agricultural sector, in the public policy process, will
increasingly need to be based on good, well-communicated information and upon the solid merits of
good proposals.
I look forward to the sector responding positively to these challenges.
~
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Table 1: Resource Management functions of Regional Councils and Biosecurity powers of Regional Councils
RESOURCE MANAGEMENT ACT BIOSECURITY ACT
(Section 30(1» (Section 13)
Every regional council shall have the following functions for the Every regional council has, in relation 10 its region, power to-
purpose of giving effect to this Act in Its region:
(a) The establishment, implementation, and review of the (1) (a) Cause to be carried out, tor the purposes ot Part V of
objectives, policies. and methods to achieve integrated this Act,-
management of the natural and physlcat resources of the (i) Monitoring to determine whether or not there are present;
region: and
(ii) Surveillance of,-
pests. pest agents. and unwanted organisms:
(b) The preparation of objectives and policies in relation 10 any (b) Provide. in accordance wilh relevant pest management
actual or potential eUects of the use, development. or strategies, lor the asse:isment, and management or
protection of land which are 01 regional significance: eradication, 01 pests:
(c) The conlrol of the use of land for the purpose of- (c) Propose, notify, approve and implemenl pest management
(i) Soil conservation: slrategies:
(ii) The main1enance and enhancement of the quality of water
in water bodies and coastal water:
(iii) The maintenance of the quality of water in waler bodies
and coastal waler:
(iv) The avoidance or mitigation of natural hazards:
(v) The prevenlion or mitigation of any adverse effects of the
storage, use, disposal, or transportation of hazardous
sUbstances:
(d) In respect of any coastal marine area in the region, the (d) If a regional pest management slrategy proposed or
control (In conjunction with the Minister 01 Conser'!ation) of- notified by the council has been approved under section 80(3)
(i) Land and associated natural and physical resources: of this Acl,-
((ii) The occupalion of space on land of the Crown or land (i) Appoint a management agency in respect of the strategy
vested in the regional council, that is foreshore or seabed, and under section 84(4) of Ihis Act:
the extraction of sand, shingle, shell, or other natural material (ii) Review the strntegy under sUbsection (2) or subsection (3)
from that tand:] of section 88 of this Act:
(iii) The taking, use, damming, and diversion of water: (iii) Under section 88(7} of this Act, extend, extend in an
(iv) Discharges of contaminants Into or onlo land. air. or water amended form, or revoke the strategy:
and discharges of water into water:
(v) Any actual or potential effects of the use, development, or
protection of land, inclUding the avoidance or mitigation of
natural hazards and the prevention or mitigation of any
adverse effects of the storage, use, disposal, or transportation
of hazardous substances:
(vi) The emission 01 noise and the mitigation of the effects of
noise:
(vii) Activities in relation to the surface of water:
(e) The control of the taking, use, damming, and diversion of (e) Repealed
water, and the control of the quantity, level, and flow of water
in any waler body, including-
(i) The semog of any maximum or minimum levels or !lows of
water:
(ii) The conlrol of the range, or rate of change, of levels or
flows of water:
(iii) The control of the taking or use of geothermal energy:
(f) The conlrol of discharges of contaminants Into or onlo land, (f) Undertake small-scale management of unwanted organisms
air, or water and discharges of water into water: under section 100 of this Act:
(ff) Where the council has, under seclion 100 of this Act,
agreed or arranged that steps to bring an organism under
control should be taken by some person or persons other than
the council, to meet (in part or in whole) the cosls to that
person or those persons of the taking of those steps.
(g) In relation to any bed of a water body, the control of the (g) Undertake small-scale management of unwanted
introduction or planting of any plant in, on, or under that land, organisms under section 100 of this Act:
for the purpose 01-
(I) Soil consel vation
(ii) The maintenance and enhancement of the quality of water
in that water body:
(Iii) The maintenance of the quantity of water in that water
body:
(Iv) The avoidance or mitigation of natural hazards:
(h) Any other functions specified in this Act (h) Take any action contemptated by or necessary for giving
effect to any provision of this Act.
(2) Subject to sections 97 to 99 of this Act, every regional
council has ail the powers of a territorial aUlhority under
section 14 of this Act; and every reference in that section to a
territorial authority (or territorial authorllies) shall be read as
including a reference to a regional council (or regional
Councils).
~Paper presented to NZ Agricultural Economics Society
Blenheim, 1 July 1995
Farming and the Environment
Making it happen where it counts
Alastair Ensor
"Glenariffe", Methven
I started farming in 1973 as an ardent productionist, enthused with a degree
from the College of Knowledge, driven partly by debt and largely by ego, and
encouraged by Government policy they were great times but unsustainable.
My family suffered the trauma of the 1984 restructuring and emerged from
that mauling about 1991 into the era of the RMA, in which we were slowly
buried in a mountain of drafts, proposals, submissions and the like, for regional
policy statements and district plans.
All smelling of rules and regulations.
I fear, in many cases, we have lost sight of the plot and intent of the RMA, and
councils have been backed or have backed themselves into comers.
Has this happened because they are under-resourced, underskilled, or
unimaginative? The answer is probably all of these, l)ut they are constrained
by the very nature of their structure. They are unable to be risk takers, and
seem to be tarred with the brush oflegislative bottom lines, and with the
mentality of rules and regulations. That may be harsh on some individuals but
this is, nonetheless, the perception, whether it is real or whether it is imagined.
There has to be a better way. A way that is enabling, which provides goals of
excellence and multiple benefits for both the community and NZ's place in the
global environment, a self-regulated approach which avoids the cost of
compliance and conflict.
Yes, I, and other land managers, will need to become something like an agro-
ecologist with a much wider view of our role in the community, to be able to
think more globally as well as to act locally. The environment that land
managers operate in is much bigger than just the ecological; due consideration
must be taken of the complex interaction with the social and financial factors
that influence the farming system.
The theme developed at the Lincoln Sustainable Land Management Conference
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of three linking circles that cover the ecological, social and financial factors
influencing the system, is a good way to explain the complexity of the search
for sustainable land management systems. So what we are talking about -
making it happen where it counts" - is how to take steps along the path to
sustainable systems as a goal.
I believe we need to consider:
• The present (structures and level of understanding)
• A vision (involving people)
• Some goals (benefits and measures, quality products)
• Identify barriers (social, financial, ecological, institutional
• The actions (policy at all levels, demonstrate benefits, opportunities) All just .
common sense.
What is happening? What are the changes that are taking place in my local
community?
• A Landcare group covering 84000 hectares which is self-rated by the
community, which controls pests and has a delivery agreement with the
Regional Council, has been formed.
• A machinery syndicate has also been formed to eliminate cultivation of 250
hectares annually, using direct drilling technology.
• A partnership with a CRI and the Rural Futures Trust (RFT) has been
created to develop a vegetation condition assessment model and an ongoing
monitoring plan to measure the impacts of our management. (This could be
the biggest single step forward towards measuring impacts of land
management in pastoral systems and a method to implement the RMA in a
positive manner).
• The entire group have become computer aware with training in the use of
recording systems and the use of nss planning tools perceived as consultant
only tools.
This is a community response to the challenges we face as land managers who
are determined to put in place socially; ecologically and financially sustainable
systems.
We do this by:
• Meeting obligations to ourselves, neighbours and future generations
• Responding to perceived threats which challenge our ability to manage
• Facing economic reality and the benefits of working together
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• Influencing policy.
Our actions are governed by:
• Mistrust of DOC (because of the Protected Natural Areas programme (PNA),
and their inability to reliably fund their responsibilities
• Fear of needless restrictions and compliance costs of the RMA
• Recognition that we operate in a unique environment and desire to control
our own destiny
• Recognition that we stand a chance if we are united
• Belief that with freedom, the tools and opportunities we will accept our
responsibilities
• Acknowledgement of the fact that the above threatens the power of others.
The notion of sustainability means that we will have to accept the reality of
moving goal posts as our skills, knowledge, and information systems develop as
a result of monitoring and research, and modifications to management. We
now live in a rapidly changing world where society's values are changing, and
which require communities to adapt to new approaches in land management.
U1 This will require new information and education systems. Such changes
o involve people, require the building of trust, and result in consensus decisions
based on fact not idealism. Facts are a little short as we strive for sustainable
systems and implementing the RMA. Although the winds of change are
blowing, change will not happen overnight as we on the land monitor, measure
and adapt our management systems.
The past is littered with mistakes of silver bullet solutions that didn't work
such as subsidies, incentive schemes, run plans and Think Big. More lasting
solutions require patience and constructive responses from the public and
politicians, as we seek the answers to how we achieve goals, many of which are
common to us all, even though those with ulterior motives manage to hog the
media with dramatic half truths.
Something about human nature tells me that imposing others' values seldom
works, and that there is no more dedicated custodian of the land than those
who live on it and want to conserve its values, e.g. QE II Trust Covenants.
A sticks and carrots approach only breeds resentment. DOC's effort to
implement the PNA programme in the High Country illustrates this, and this 5
programme has set the conservation ethic back 10 years· all because they
thought legislation was the easy way out, rather than working with people and
completing the programme of consultation they had agreed to. Change can be
much more effective by facilitation and working through a consultative process
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that keeps people in their comfort zone and builds on trust. It is time to front
up on a level playing field, where no one is threatened, to work through the
issues in a constructive and factual manner, and to accept that there is no
greater enforcing power than that held by the local community· peer pressure.
How can we achieve a self regulated approach?
We need to develop a special NZ wide Environmental Warrant of Fitness
adapted for each locality, catchment or district. It should be developed and
implemented by land managers, who, in order to develop codes of practice and
environmental accords, would work with those who have statutory
responsibilities.
NZ has a major opportunity now.
Some examples include the Southland SLMG, Enviro Waikato, RFT, ISO 14000
and the Ontario farm plan and many others.
There could be enormous benefit at minimal cost, but we confront blocks in the
form of our institutional conditioning and desire for rules and regulations, of
unrealistic demands to have plans in place made with indecent haste, poor
measures, and no genuine consultation.
Perhaps many of us missed that opportunity, overwhelmed by the complexity
and because we were engrossed in our own little world. However, we need to
continue to develop the mode of community ownership and responsibility for
local issues as we build on the foundation of our free market economy.
The key is responsible resoutce use while sustaining the environment, using
this as a marketing opportunity rather than to fulfil bureaucratic needs of
legislation, to be lead by standards of excellence rather than bare minimums
that have horrendous compliance costs needing an army of ratepayer funded
policemen?
What are we really talking about?
I believe the objective is to develop sustainable systems in the widest sense of
the word. This requires defining goals, looking for methods that involve people
and provide positive outcomes, and to identify the barriers and do something
about knocking them down.
The barriers are largely institutional, but the limitations of science also
contribute to these barriers. There is a lack of communication between science
and the community, and we will have to find ways to work together. The
words "tech transfer" need to be banned and replaced with "information
exchange".
We do not have the measures yet to define sustainability.
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Tax legislation is another barrier. Livestock book values inhibit market
response, and make planning difficult, and have a compliance cost out of all
proportion to revenue. We need a system that allows us to respond to the
environment (financial and ecological) that does not have a tax penalty.
Annual accounting for the IRD is not ideal business accounting. My annual
accounts serve only one historical use and provide nothing towards
environmental accounting. The farm business is a system that links a range of
environments - ecological, financial and social - into a system. Change needs to
be seen as a component of that whole system, not in isolation from it.
There is a need to take stock of where we are going. The impact of rapid social
and structural change of the last decade needs some assessment as many have
not caught up with all changes. We need a vision and a plan at community
level that people feel comfortable with. But the plan needs to be flexible and
constantly evaluated and changed as we find new solutions to problems.
Who will lead and who will demonstrate the l:enefits of quality products from a
quality environment?
Landcare groups have the potential to be the best method to achieve good
environmental outcomes as farmers have the biggest personal investment in
sustainability of the resource. A strong and stable core in the community leads
to high standards of management and this is contagious. If you undermine
people's security and sense of community you undermine the ethic of careful
management. Planners and policy makers should be mindful of this.
It is not easy being green, but it is also not easy anticipating markets,
technologies or social trends. Management is a difficult profession and the
environment is becoming an increasingly important component in decision
making.
The farm of the future will not produce just meat anu wool but also drinking
water and landscapes with cultural and heritage values. The farm families
that manage this land will be environmentally aware globalists. This change
will happen at the farm level as benefits are identified and demonstrated, with
assistance, not legislative imposition.
Environmental accounting will be part of business management with a major
marketing advantage for NZ, and to do this we will have to develop indicators
that are measurable, relevant and robust. Sustainability, however, needs facts.
The goal posts will shift as we develop new knowledge and information
systems. Profitable industries are far better placed to put environmental goals
high on their priorities.
NZ is perhaps well placed to take advantage of this, as subsidies and
sustainability are opposites. We have had a head start and many in the world
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have a way to go. But we have to have the courage to critically assess current
progress and institute a method for positive change that:
• involves people so they are able to understand
• provides positive benefits that are relevant to community needs
• allows institutions to change fast enough to catch up with communities.
To finish a quote from E R to an obviously male audience:
"Gentlemen there is no more money,
we will have to start using our brains".
My prediction:
Rural women will have the greatest influence on future change.
*****
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2
This green element does not belong to any 'particular feature of the political spectrum. As a
rule environmentalists do not vote for "green parties". (Vowles & Aimer 1990: 127-146) It
is not difficult to identify environmentalists who are red socialists, blue conservatives, and
any other colour combination imaginable (and not always of an aesthetic hue). Typically the
green movement can campaign effectively on particular issues, but is much more divided on
general matters. I
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It is not evident when the green movement first became a serious political force. Btihrs and
Bartlett (1993) observe that there is a long history of environmental actions at the national
level. The Royal Forest and Bird Protection Society was established (as the Native Bird
Protection Society) in 1923. There is also, less well recorded, a history in most localities of
environmental pressure. groups. However one might use the Save Manapouri Campaign which
began in the late 1960s, described by Neville Peat as "New Zealand's first great conservation
success story" (\994) as a symbol of the beginnings of the modern environment movement.
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While there are many interesting aspects of the transformation of economic regulation of the
New Zealand economy in the 1980s, one of the most fascinating was the application of
market principles to resource management and the environment. The issue remains significant
today, because while there has been a major penetration of the market into environmental
regulation, it has not been total, and a number of issues remain unresolved.
Analysis of environmental policy is often written from a strong environmentalist perspective
and commitment. 3 This paper tries to avoid such a stance, rather relating a story about a
policy process. In particular it shows how a political imperative and an economic approach
worked symbiotically, and apparently much more pragmatically than many other instances
of the recent reforms.
The Political Context
It is widely accepted than there is a strong post-materialist element in the New Zealand polity,
as there are in many other rich nations. (Gold & Webster 1990, Vowles & Aimer 1994) A
part of post-materialism is to give a preference to the environmental values over material
ones.
I Economic And Social Trust On New Zealand. 18 Talavera Tee, WeUington, Phone (04) 472 8950, Fax 472 5305.
, This paper has heen improved by a number of helpful comments form Roger Proctor.
3 Among the wide literature on New Zealand refonDS are Buhrs & Bartlett (1994), Mennon (1993), Palmer
(1990), and Rainbow (1993). None give much prominence to the underlying economic issues. and so - like this
paper - are partial.
Not only was the Manapouri issue important in the 1972 general election, probably costing
the government the Invercargill and Awarua seats, but Labour campaigned on a more general
environmental policy (Edwards 1973:254f, while the Val~es Party which began then has
been described as the world's first green party. In office Labour took a number of initiatives,
including establishing the Commission for the Environment, which the succeeding National
government confirmed.
By the late 1970s a series of policy issues involved the environment. Many had been latently
there from decades earlier, but the establishment of various green lobby groups and
campaigns increased their public prominence. As in many other areas National's cautious
incrementalism left the issues unresolved and festering for the incoming Labour Government.
Green Policies in Practice
In a crucial respect the term "post-materialism" when it refers to environmental issues is
misleading if it gives the impression that most environmentalists have somehow abandoned
material values. Undoubtedly some have, living in situations most would consider primitive
and uncomfortable, or forgoing high income earning opportunities to campaign for the goals
they believe in. But the majority of environmental supporters are willing to make only limited
I Many parallels can be drawn betw""n the gr""n movement and the peace movement, not only because
there is some overlap of personnel. The peace movement has never been as unified as it or its detractors would
claim, with frequent internal arguments betw""n anti-Americans, anti-nuclearists, pragmatists, pacifists. etc.
, Page 66 shows that National was not unaware of the environmental dimension either.
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sacrifices: donations, a little time to sign a petition or attend a rally. Basically they desire
material welfare and the environment. If the politicians have read them right we may
conclude that the higher priority is the former, for it has been rare for environmental ends
to triumph at the expense of material ones, when policy decisions are taken.
There is an apparent exception when people appear to be willing to trade off material gains
for environmental objectives. However often that involves trading off someone else's material
gains. The classic case was the dispute of the West Coast forests, over which the locals
claimed the environmentalists were willing to trade off West Coaster's jobs (in the forestry,
allied, and servicing industries) for preservation of the indigenous forests. '
The implications of this need to be teased out. Characteristically, environmental policy
involves public bads, that is outputs which are nol wanted (such as a pollution). In this case
returns to the community below the returns to the private market. Typically private market
decisions result in an over-supply of public bads, so there is ongoing political activity for
measures to decrease the total production of environmental bads. 2 Consequent on these
decrease there is likely to be losses in the production of private goods and services, with their
producers and the consumers worse off. Thus there are almost always distributional
consequences from environmental policies.
So as not to seem too abstract consider the issue of global warming, which is the result of
the emission of carbon dioxide and methane into the air, typically as a by-product of some
process which is producing desired goods and services. Because increases in carbon based
gases result in increases in air temperatures (glol:1al warming) which is judged detrimental,
the gases are economic bads. Critically here, the emitters of the bads do not pay for their
discharges, and so do not take into consideration in their business decision making and profit
calculations any impact of the emissions on the environment.
Insofar as environmentalists are successful in reducing the emission of the carbon based
gases, there is a reduction in the profitability and welfare of the producers and the consumers
of the products which caused the emissions. For instance if a coal fired power station is
closed, the miners who supplied the coal, the owners of the power station, and the consumers
of its electricity (among others) are likely to be worse off.) The point of this illustration is
I The claim, even if true, that there would be an offsetting gain in tourism, still ignored that some West
Coasters would lose their current jobs and suffer the trauma of transition.
, There is also the converse, but equally unsatisfactory, of the market undersupplying public goods, that
it outputs that are desired but not proIi table to produce.
3 Assuming there is no compensation for the actions, If there is, the burden shifts to the taxpayer.
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not to judge the validity of the arguments' involved, but to emphasize that environmental
issues often have that strong distributional element to them, which at the heart of politics.
One means of avoiding this dilemma would be to incorporate environmental decision making
into a market framework. Historically the typical approach was exactly the opposite, with
heavy administrative interventions over-ruling the market. The Town and Country Planning
Act (1953) would be a good illustration, the phenomenon was much more widespread.
In some places the interventions were even directly to the detriment of the environment. Price
controls on indigenous timber, resulted in rimu timber being used for packing cases and
similar low quality uses. Underpricing of electricity resulted in its increased intensity of use,
and additional pressures on - among other things - rivers and lakes in order to supply the
additional demand. Here would be a coming together of tpe "more-market" advocates and the
environmentalists, even if it were a limited area of agreement.
The Market and the Environment
While there is a long history of economists in the post war era advocating increased use of
the market as a means of economic regulation, it is only in the late 1970s the term "more-
market". The term is due to Ian Mclean (1979), but as Brian Roper (1993) shows the notion
of greater reliance on market forces to determine economic outcomes was widespread in most
to business lobby groups about that time.
Clearly there was a commonality over those illlerventions which encouraged environmental
depletions, but the environmental movement might well conclude that there would be other
situations where the market might be detrimental to the environment.
However there was a burgeoning development in the area of economics and law, which
became important in the reforms, and enabled further commonality of purpose. By the 1970s
some New Zealand economist were aware of, and using, the literature but it seems quite
likely that the majority of the environmental movement were unaware of the intellectual
pinnings even in the early 1990s.' Even so the approach became central to the reforms.
Perhaps the foundation of the approach is "Coase's Theorem", one of those amazing insights
rich with subtle implications. It can be expressed in a number of ways,2 but for these
I For instance none of the texts on environmental policy beside me as I write refer to "law and economics"
or to Ronald Coase.
2 See Cooter & Ulen (1986).
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purposes it may be stated as:
Providing the property rights of a resources are fully and unambiguously allocated,
and transaction costs are zero, the use of the resource will be independent of the
property rights.
We illustrate the theorem with a classic example. Suppose there is a proposal for an airport
which will generate noise, discomforting residents in an adjacent suburb. The property rights
of making a noise might be allocated to the airport land owners, or to the suburb. In the first
case the airport can go ahead, ignoring the suburb's interests. In the second the suburb can
prohibit the aircraft noise. However in the first case the residents might purchase the airport
land thus preventing the building and the noise. In the second case the airport might purchase
from the suburb the right to make the noise. The theorem states that if the two latter options
are possible (and the costs of transacting the deals are low - practically zero) then the ultimate
use of the land for the airport will be independent of who was given the initial rights to make,
or prohibit, noise.
What this means is the use of the land resource, and the level of noise pollution from the
airport, are independent of legal niceties, providing the property rights are well specified.
Ergo, by being more precise about property rights associated with resources various
environmental dilemmas can be resolved at least to some extent, with an improvement in
efficiency.
Thus there was considerable activity in the 1980s with the aim of clarifying the property
rights associated with resource ownership. Some examples which illustrate this, and some of
the complications of practically implementing the strategy are:
- In 1983 the right to catch deep sea fish was transferred to a system of "individual
transferable quotas" (ITQs). The almost permanent quotas could be used or sold by the
private owners, typically fishing companies. I The theory was that giving fishers unambiguous
but limited rights to catch specified fish would enable the maximum harvesting of the fishery
without depletion. Note the difficulty of defining precisely the property right involved. The
quota does not give the company ownership of the fish, only of the right to catch it. But what
about by-catches when another fish is ~aught by accident? And what is to happen when it is
discovered that the optimal level of quota is less than the amount currently allocated?
- In 1989 the right to use a section of the radio frequency spectrum was leased out, with
property rights not unlike the ITQs. The original proposal by the Trecsury to the Royal
I The quota apply for 21 years, partly in order to give the fishing companies a degree of stability in their
planning so they are able to invest optimally.
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Commission on Broadcasting, involved a system where disputes between owners (e.g. from
interference) would be settled in court (Treasury 1985). However it proved that most of such
infringements would be minor, and expensive to settle through the usual legal process, so a
simpler administrative system was set up as a first stage. Thus transaction costs can be
important. I
- In 1986 ITQs were extended to inshore fishing. The allocation rule tended to exclude Maori
inshore fishers. The resulting protest ultimately led to the Sealords deal in which the Crown
gave the Maori a greater involvement in all fishing (including deep-sea fishing) in exchange
for the abolition of Maori fishing claims under common and statute law. 2 Thus the
application of the prindples implied in Coase's Theorem gives no guidance to who initially
should be allocated the property rights. 3 This is likely to remain contentious (although in a
number of cases the government avoided the problem by taking the rights to itself, and then
selling them to the highest bidder).
As well as defining the property rights precisely, limiting the transaction costs (which may
involve a non-market solution), and the problem of allocating initially the rights, there is
another complicated effect, which at first looks unimportant, but which ultimately limited the
use of market solutions to environmental issues.
Suppose a piece of land is ideal for a piggery. In principle the use of the land should not be
affected by its ownership (i.e applying the Coase Theorem). But consider a situation where
the owners might be pork eaters or not. It is not inconceivable, that the ownership of the
property rights might affect the income distribution between pork eaters and pork avoiders,
and so the market demand for pork. In this case the use of the land depends upon who owns
it. Implicit in the Coase Theorem is the notion that the distribution of the property rights (and
so the income it generates) does not affect demand and prices in the economy.
I The Treasury also proposed that owners of spectrum rights would be able to amalgamate them to increase
or decrease the number of stations in any part of the spectrum. However this would lead to inefficiency, because
listeners have higher organizational transaction costs than broadcasters. Typically these costs are higher for the
general population than for a corporation. As a rule corporations will be much more enthusiastic about the
application of the Coase property rights approach than the public.
, I was marginally involved in the 1983 deep-sea ITQs, and cannot recall a single mention of Maori
interests. Thus the (justified) Maori anger over the inshore ITQs was quite unexpected by the policy makers.
] The allocation of the deep-sea ITQs was not without its complexity. Rather than tender them, the
government allocated them according to,past records acc,?rding to a formula based on existing fishing activities.
While this avoided political favouritism, the formula - any formula - would lead to injustices. For instance it
included the capacity of each companies fishing !lee!. A little before one company had been given an licence
to import a particularly large boat, which increased its entitlement substantially. Thus the very complex array
of interventions appeared to favour one company above others (who had had heir licensing request turned down,
or who preferred to lease boats).
7The example we have just given is so tenuous that one might well treat this caveat as of little
importance. But the environmental movement is frequently concerned about a distributional
of property rights which cannot be so easily dismissed, for it change the demand and prices
in the economy. A key issue for them are the rights that as yet unborn generations have in
current resources. Practically if we could ask them, a future generation might well have a
different view of the rate we should deplete an oil field, say, in contrast to the rate which this
generation would deplete it. We shall see an ingenious resolution of this conflict was
introduced in the Resource Management Act. but before doing so, we need to examine the
developments between 1984 and 19989.
Reorganizing the Environment
The 1984 Labour Caucus contained a number of committed environmentalists, few of who
were rogernomes committed to extreme market solutions. At an early stage however they
found a common interest with the economic reformers, withdrawing subsidies and other
interventions which encouraged environment depletion. For example a number of state
enterprises were able to hold down prices, by underpricing the environmental resources which
they used.
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"l This was reinforced by the state sector reorganization consequential on the corporatization of
the state owned enterprises. A process of accretion had resulted in a number of agencies
having both commercial functions and conservation ones. Frequently these were thought to
be in conflict. How could the New Zealand Forest Service both manage indigenous forest for
conservation, and at the same time manage other forests for commercial timber production,
especially when there were questions over some forests as to which end they should be used?
How could the Department of Lands and Survey both develop some lands and preserve
others, again given there was ambiguity in categorizing some land? Implicit behind such
questions was a view of managerialism, in which the managers were focused on a single
objective, and the commercial and conservation objectives involved different management
cultures.
We shall not here detail the changes but, in simple terms, reorganization a number of
government agencies independent of the newly created corporations were created: the
Ministry for the Environment to advise the government of environmental matters, The
Department of Conservation responsible for the heritage holdings of the state, while the
Commissioner for the Environment became a Parliamentary Commissioner to advise
parliament rather government. 1 (Sharp 1994)
I Note a characteristic separation of roles: a policy advising ministry, a operations deparlment, and a
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Together with its record on nuclear free ships, the Labour Government was able to fight the
1987 election on a platform of having a viable and progressive environmental policy.
However there was another aspect of the removal of the subsidies and the interventions and
the corporatization of state trading activities, which was equally important to the
environmental reforms, although not prominently stated. This was not to argue that there was
some conspiracy to impose a particular economic framework over the environment. [n my
experience the officials who had these ideas were happy to talk to anyone who was interested,
and willing to engage with their policy framework. They were not committed to some
ultimate solution. In contrast to some of the other officials in other parts of economic policy,
they were exploring possibilities.
To understand their framework it is necessary to go back to some of the difficulties of the late
1970s and early 1980s, which in turn came from economic analyses some two decades
earlier.
Planning and the Market
Governments making resource decisions want to use those resources efficiently, in the sense
they get maximum social return on those resources or the minimize the resources used. There
is a well established body of economic theory which shows that in a certain sense the
competitive market attains such efficiency if certain conditions are met in practice.
Sometimes, however, the government may not want to use a market solution to its resource
decisions, so it requires another approach for its resource allocation decision making. The
general economic advice is to simulate the market by obtaining a maximum return on the
resources, almost as if they were owned by a profit maximizing firm. This "project
evaluation" procedure is called "cost-benefit ahalysis" (or CBA), and is one of the standard
tools of a working economist. I
Typically a major reason why a pure market solution cannot be used is because actual market
prices do not reflect the social values the government wants to pursue. The failure may reflect
the effect of government interventions elsewhere in the economy (such as taxation), but it
may also reflect some fundamental economic failure such as monopoly or structural
maladjustment, or it may be that there is simply no market price - as occurs often for some
environmental resources. Thus a CBA involves modifying the market prices into social
parliamentary commission to audit performance. The regulalory role was located in local governmenl (including
the health system).
I See Easton (1989) for other aspects of this policy revolution.
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values, sometimes called "shadow prices".
The modifications involve a degree of judgement in the calculation of social values, and exact
rules of application of the CBA have to be agreed. In the 1970s Treasury attempted to impose
a set of consistent rules, in theoretical and practical terms, across all the various applications
of the CBA to various projects. I
The is led to a series of major disputes within the New Zealand economics profession as to
the details of the application. The sharpest debate was about the discount rate over time,
which is the means by which resource uses over time are aggregated into a single figure at
a point in time. There were roughly two positions as to the correct discount rate, as the
Treasury argued for 10 percent per annum, while many other economists favoured a lower
figure, say between 0 percent p.a. and 5 percent p.a.
For the environmentalist, the higher the rate the more rapidly is a fixed resource depleted.
For instance at the 10 percent p.a. rate, a mine might extract half its ore in seven years,
whereas under the same circumstances a 5 percent p.a. discount rate would use up only 30
percent of the ore. 2 A zero discount rate would mean it would only be mined sustainably,
in practice there would be no extraction. Thus the Treasury rate favoured a rapid depletion
of environmental resources while the opposition tended to be more conservative.
Unfortunately the issue is not quite this clear cut" because a low discount rate encourages a
high use of capital in production, which the Treasury argued was wasteful and discouraged
the employment of labour. 3
We return to the issue of the discount rate shortly. But even if its conceptual issues could be
resolved, project evaluation suffered from one major defect. It was almost impossible to
prevent the project promoter from manipulating the data in a manner favourable to its own
interests.
The context of a typical CBA involves some promoter of a project who has decided that the
I To give the reader some idea of the possible applications of CBA this writer has applied or supervised the
procedure in the following areas: c~rbon emissions, education, energy resources, the health sector, a hotel
development, hydro-electricity, irrigation, mining, quarrying vs winemaking, rail versus road use, smelting,
transport safety.
'(III.l)' = .51; (111.05)' = .71.
, My view was (and is) that the discount rate was being asked to do two separate things - to value time (and
hence environmental resources) on the one hand, and to allocate capital on the other. My solution involved two
separate parameters, favouring a low discount rate for time, but a high capital charge. (Easton 1982) The
Treasury position was the two were interchangeable, and should be subject to the same disc JUnt rate. And there
the standoff r~sted, while poor resource decisions continued to be made.
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project is in his or her (or the company's) best interests. Probably that means they expect to
receive a positive financial return from the project going ahead. I The CBA is in effect
another hurdle which the project must overcome. As far as the promoter is concerned this
hurdle is superfluous, since it does not affect the ultimate object of the project as far as the
promoter are concerned. So they have every incentive to represent their situation as
favourably as possible in order to get the government approval. As someone who has carried
out CBAs for promoters, those opposing the project, and on behalf of the government, I am
very aware of how each is on the reliability of the data the promoter provides. One could end
up with a dispute about a particular parameter influential on the outcome, where the
disagreement amounted to a factor of ten. 2
There was an obvious resolution to the problem by putting government decision making onto
a market basis. Many of the more-market reforms which occurred in the 1984 might be
thought of as reducing the importance of project evaluation. There were three major changes.
First social prices were aligned with market prices as far as possible. Tax wedges were
removed, as when a complex indirect tax structure was simplified to an almost uniform GST,
income tax reform simplified the calculating the cost of capital and put the government
agencies on a uniform basis to the private sector. Subsidies were abolished and resource
rentals imposed. Tariffs were reduced, and import licences removed. The exchange rate was
floated so that it was no longer necessary to incorporate the disputed exchange rate
premium. 3 Opening up markets to competition, especially by removing barriers to entry, also
realigned prices to reflect better social value.
The second change was to require government agencies as far as possible to make their
decisions based on market criteria. This was one of the driving forces behind the
corporatization of state trading enterprises. 4
The third .... as to put resources, as far as possible, into a market regime. The examples of the
fishing and broadcasting resources have been mentioned, but this was also a major
justification for the privatisation of government assets and corporations.
I In the case of public sector projects there might be some other factor than profit driving the project.
, Another complication, not gennane to this story, but intluentiaI on the developments being described here,
was how to handle uncertainty. Easton (t989)
, Whether the tloating resolved th~ issue of what was the appropriate exchange rate in the CBA is another -
and much disputed - mailer.
4 Other factors which may have been important to the Treasury included greater accountability, clearer
objectives, and the contribution that corporatizalion would make to efficiency through a more consistent
organizational culture, and the like.
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Describing such changes is not to necessarily conclude they were right. The point here is that
much of the more market activity was a solution to a perceived problem which arose from
the difficulties of applying a cost benefit analysis. That the reforms were successful in this
respect is indicated by CBAs being less used today than before 1984. Where CBA is, it is
simpler to apply and the disputes over the application of its principles are less prominent.'
The Resource Management Act
However the issue of the appropriate discount rate was not quite resolved by these changes.
What the Treasury theorists seemed to have had in the back of their minds was that if a
decision was totally commercial then the implicit discount rate wouid be the required rate of
return which would be assessed by the commercial enterprise presumably based upon the
Capital Asset Pricing Model. Typically this would give a real discount rate of about 10
percent p.a. Obviously it was not going to be acceptable to environmentalists.
There was another part of the Treasury agenda, although it is not clear the extent to which
it was freewheeling speculation rather than a dedicated objective. But certainly at various
stages they must have wondered about any necessity for town planning with its various direct
controls and related interventions. 2 The Coase Theorem suggests that a full market system
left to itself, with property rights fully allocated, would make administrative interventions
unnecessary, or at least less necessary.
But as our earlier examples illustrate, there are real difficulties. How can one unambiguously
identify all the property rights, what about the transaction costs, and who was to receive the
property rights? In the case of environmental issues the last question was more acute than
usual - even though the impact of the fishing ITQs on the Maori shows that the issue is
difficulties in even normal circumstances. In the case of the Maori, different allocations of
the property rights are unlikely to affect what is caught or how it is caught to any great
degree. In the case of environmental planning the allocation of rights between current and
future generations may markedly affect the utilization of resources.
The resolution, imbedded in the Resource Management Act (RMA) passed in 1991, was
I Another problem which proved very difficult was that of the need to include option values (Dixit &
Pindyck, 1994). One indication of the underlying difficulty was how to value assets. In the case of state forests
of Forestcorp this prove<l so unresolvable. that individual forests were sold off, thereby obtaining a market
valuation.
, In a leller to me Roger Proctor commented that as a Treasury officer he analyzed the Town and Country
Planning Act in the mid 1980s from a property rights perspective. "The key difftculties I found were the
multiple agent, information asymmetry and free rider problems. "
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ingenious, although experience will illustrate whether it is practical. First a system of
planning via tribunals was maintained, but the system was more flexible and more open to
market processes. Thus it became unnecessary to attempt to allocate completely all possible
property rights, or to specify explicitly to whom many were to be allocated. Meanwhile
transaction costs were put up front, and as far as possible minimized, rather than be left for
legal process to unravel afterwards.
Crucial for the theme of this paper, Section 5 of the RMA states "the purpose of this Act is
to promote sustainable management of natural and physical resources". J But within that
framework of sustainability the RMA tends to permit the best commercial option. In simple
terms the RMA tells any project promoter to select from all the options that are sustainable
with respect to natural and physical resources, the one which the promoter prefers (which is
likely to be the most profitable).2
In away, the RMA sets up a system which allocates the property rights between current and
future generations by giving the latter a veto over the unsustainable use of resources, which
may only be used if a future generation has a similar access to them. In effect the discount
rate over natural resource use (mining excepted) is zero. On all other decisions can be made
with the much higher commercial discount rate. 3
This somewhat simplifies the scope of the RMA, but that is inevitable given the narrower
focus of this paper on how the market was extended into resource management and the
environment. In theoretical terms it has proved possible to increase the role of the market,
but not totally eliminate non-market involvements. We have seen why. As experience
accumulates, we may see further modifications reflecting the practicability of the actual
system. No doubt some changes will be more-market, some less so. It is a matter of
speculation whether the overall changes will be one way or the other.
Conclusion: The Politics of the Reforms
In comparison to many other parallel instances, the introduction of market mechanisms into
I There is an ambiguity of terminology which needs to be observed. When the Act refers to "resources"
(undefined, but see Section 2) - it usually referring to natural (including physical) resources. Economists use
the term to also encompass human capital or labour, and also human constructed physical capital such a
buildings, plant and equipment.
2 A major exception is the mining industry, which is not fully covered by the RMA.
3 In a way the Act adopts the conceptual difference I proposed in my 1982 paper, although it allows even
less of a tradeoff between time and capital.
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the regulation of resources and the environment was one of the most successful economic
reforms. There was no single reason for this, but the following constellation contributed.
Unlike the other microeconomic reforms, the environmental changes were not dependent upon
macroeconomic success, or at least were not so judged by the general population. As a rule
the introduction of the market was not seen as central to the environmental reforms, although
a purpose of this paper is to demonstrate they were.
Second, the more-market environmental reforms seem to have involved big gains in
efficiency, probably more than in many of the other cases. Or to put the other way around,
the previous system of environmental regulation was very inefficient, and it was possible to
make some simple changes which gave substantial gains, at least as seen by those who care
about environmental issues. This is not to say they are satisfied with the extent of the
reforms, but they think there has been some progress.
Third, the reforms involved a comfortable relationship between the environmentalists and the
government. In many cases - such as the identification of those resources transferred to the
Department of conservation, and the development of the RMA - there was close liaison and
consultation between the lobby groups and the officials (unlike that which happened in regard
to central economic policy). The establishment of "pro-green" government agencies, such as
the Ministry fro the Environment, and the Department of Conservation, engenders
environmentalist support.
This is not to say that the environmentalists agreed at the beginning with the reforms: if there
had been a referendum in 1984 proposing the widespread introduction of more-market into
environmental regulation it would have certainly lost by a wide margin among the lobbyists.
Yet today most would accept the more-market changes as beneficial to environmental
management.
Perhaps key to this was that the reforms were pragmatic, not driven by extremism which was
often dominant in other microeconomic reforms. Why this happened is an interesting issue.
In my judgement a key factor was there were not, as a rule, commercial possibilities for big
profits. In the few cases where they were - the fishing ITQs for example - there have been
acute political difficulties which may not yet be resolved. Possibly the removal of ambiguity
of the property rights of the resources gave sufficient increase in the value of the assets so
that the most active players could be compensated.
(The issue needs to be teased out with practical examples. Here we sp~culate about
indigenous forests. The main private owners of these forests were small and medium land
holders rather than the major forestry corporations. It was easier to squeeze the former's
14
property rights - as the sustainable yield policy does - while the corporations were bus~ with
absorbing the sale of the state forests.)
This pragmatism means that key issues are left unresolved, I while the new regime has yet
to be tested as rigorously as the old one was in the 1970s. That challenge does not seem far
out. The overbuilding of energy supply in the 1970s and the economic stagnation of the
1980s, meant there was not the same need for additional energy production in the 1990s. As
the adding to power generation is reappears, the new regime will be challenged as it will by
the run down of the Maui gas fields early next century. Perhaps the economic stagnation of
the 1980s eased the growing pressures on the environment, giving the chance for the reforms
to bed in without transitional mishap.2
It is noticeable too, that there seems little possibility of resolution of the greenhouse gas
emission, because this directly threatens significant commercial lobbies. We may well see in
the future a return to the more direct conflict between the environmentalists and the
developers and business. A point of conflict is that of dealing with greenhouse gas emissions,
for business sees the green solutions as raising their costs. J
It is not at all evident that there is a widespread acceptance of the more-market framework
of the environmental reforms by the majority of the environmentalists. (Although the blue
greens and the Maruia Society are active supporters of the market.) By lobbying for energy
conservation measures using non-market solutions (such as subsides and prohibition)
environmentalists are again arguing that the market signals are not giving a socially optimum
outcome. That there is a significant lobby, which wants to return to the use of subsidies and
more direct interventions on this and other issues, shows that the reforms has yet to win the
hearts and minds of all environmentalists. It may well prove impossible: while more-market
can improve scme aspects of environmental and resource management, there are significant
areas which remain intractable to market solutions.
Yet, from the perspective of a typical late twentieth century economist, it is hard not to
commend many of the reforms in the environment which involve the greater use of the
market in the regulation of the environment. It is an aspect of the 1980s reform which
I In addition the administrative efficiency of the RMA has still been only partially tested.
2 Conversely the !",ssimist might argue that no system of regulation could have efficiently resolved the
energy problems which dominated the' late 1970s, and that anyone in place would look ad hoc and
unsatisfactory with hindsight.
, Another interesting pressure point is the failure to introduce the much heralded pollution permits, despite
these being a more-market solution. At this stage it is not clear to what extent this is a maller of the problem
of allocating property rights, or whether the technical issues are unresolvable.
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remains unsung, even by those who favoured the (less successful) majority of the changes.
14 April 1995 Brian Easton
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1DECISION-MAKING BY FARMERS: AN EXAMPLE OF mE EmNOGRAPHIC
DECISION TREE MODELLING
2
1.0 INTRODUCTION
ABSTRACT
Jangu, N; Fairweather, J.R; Martin, S.K
Farm and Horticultural Management Department
Lincoln University
Reviews of the recent literature on farmers' decision making reveal that there are few theories
available which adequately explain how farmers make their decisions. In the economics literature,
the Subjective Expected Utility (SEU) theory is used to explain farmers' decisions under
uncertainty. In the adoption literature, the classical Adoption-Diffusion Model of innovation has
been used to describe the sequential stages of farmers' decision making processes. However, it has
been argued that farmers do not normally go through the decision processes suggested by the above
models. As a result, alternative models of decision-making have also been suggested. One of these
is Ethnographic Decision Tree Modelling, a cognitive approach to decision making. The model
attempts to incorporate some of the simplifying procedures farmers use in making decisions in
practice. It is applied to sheep farmers in Canterbury, New Zealand, in relation to their decisions
whether to adopt or reject the new sheep breeds. It is argued that a cognitive approach to decision
making such as Ethnographic Decision Tree Modelling can help to identify the actual decision
criteria and logic behind farmers' decision-making.
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Many studies have been carried out to examine about how farmers make their decisions. In the
economic literature, the Subjective Expected Utility (SEU) Theory is used to explain farmers'
decision making under uncertainty (e.g., Anderson, Dillon, and Hardaker, 1977; Schoemaker,
1982). The normal assumption in this theory is that decision makers rank equally all the available
options on preference or indifference and then make their decision. Although SEU theory has been
popular in the literature, some authors have raised doubts about its use in predicting individuals'
actual behaviour. They argue that people may not go through the decision process suggested by
SEU theory (e.g., Siovic, Fischhoff and Lichtenstein, 1977; Lewis and Thiele, 1981; Gladwin
1977, 1989a).
An alternative approach to decision making comes from the perspective of the classical adoption-
diffusion model of diffusion of innovations. This model is widely used to describe the decision-
processes of farmers in their decisions whether to adopt or reject certain innovations (e.g., Rogers
and Shoemaker, 1971; Rogers, 1983; Dasgupta, 1989). The model consists of three main elements:
(1) the sequential stages of an innovation-decision process, (2) the classification into different types
of adopters, and (3) factors influencing adoption of an innovation. The first element assumes that
in a decision to adopt or reject certain innovation, individuals would go through a certain number
of steps or stages which is called the innovation-decision process. This process is a sequential set
of actions and choices made by individuals over time and consists of five stages: (I) knowledge,
(2) persuasion, (3) decision, (4) implementation, and (5) confirmation (Rogers, 1983). The second
element assumes that individuals in a social system can be classified into five categories of adopters
based on their degree of innovativeness: (I) innovators, (2) early adopters, (3) early majority, (4)
late majority, and (5) laggards. Each of these types is assumed to have unique attributes in terms
of their perceptions and values towards an innovation. Based on these characteristics and the degree
of innovativeness of the individuals it is conceptualised that the adoption of an innovation over time
follows an S-shaped curve (Rogers, 1983). The third element describes the important factors which
influence the adoption of innovations: (I) perceived attributes of an innovation, (2) personality
attributes of individuals, (3) communication channels, (4) the nature of social system, (5) opinion
leadership, and (5) the extent of change agents' effort in promoting the use of the innovation.
The adoption-diffusion model states that the propensity of individuals to adopt depends on (I) their
Paper presented to the New Zealand Agricultural Economics Society Conference, Blenheim, 30
June - I July 1995.
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relative innovativeness, and (2) their personal attributes. Rogers (1983) also suggests that
innovations can be spread from progressive farmers or early adopters to less progressive ones or
late adopters and that information generated from research is inherently valuable, desirable and
suitable to all farmers as a means of increasing their farm production and productivity. However,
experience suggests that this method of information transfer does not normally occur (e.g., Roling,
1982; Amon 1987, 1988; Clark and Staunton, 1989; Nitsch, 1989; Davies, 1989). Furthermore,
farmers may have good reasons not to adopt.
In summary, farmers may not go through the decision processes suggested by the SEU theory.
Similarly, they may not adopt new ideas which are practised :Jy the progressive farmers as
suggested by the adoption-diffusion model. These two models of decision making to some degree
describe the researchers' reflection of what they believe to be important in decision making but may
not reflect what farmers think, or how farmers actually make decisions. Because of these
limitations, it would be fruitful to investigate <j,Iternative models of decision-making that may more
accurately reflect the adoption of innovations by farmers.
In this paper, an alternative model to farmers' decision-making based on a cognitive perspective
will be presented. This model is called the Ethnographic Decision Tree Modelling (EDTM). The
model is applied to sheep farmers in Canterbury in relation to their decisions whether to adopt or
reject new sheep breeds.
2.0 ETHNOGRAPHIC DECISION TREE MODELLING (EDTM)
Gladwin (1977, 1989a) in her study of agricultural decision making explicitly rejects the SEU
theory of choice where all, or many, options are considered in making a decision. Further, she
would reject the assumption of the adoption-diffusion model that a majority of farmers will
ultimately adopt an innovation. She proposes a cognitive approach to decision making which she
argues better reflects what farmers believe to be important from their own perspectives. Her
approach is known as the Ethnographic Decision Tree Modelling because it relies on ethnographic
fieldwork techniques to elicit from the decision makers the decision criteria which are then
combined in the form of a decision tree. Gladwin (1989c) defines ethnography as "the work of
describing a culture from the native's or insider's point of view or seeing the insiders' world
through the insiders' eyes". According to Gladwin, field techniques like the "ethnographic
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interview" (Spradley, 1979) and "participant observation" (Spradley, 1980) can be used to elicit
the specific decision criteria used by the decision makers when making a real-world decision. In
other words, the decision processes of a group of people can be interpreted as hierarchical or
treelike in nature.
The main assumption of the ethnographic decision tree modelling is that decision makers are the
"experts" in their decisions. These decisions are made in a decomposed fashion involving the
sequential comparison of the various alternatives based on specific attributes or aspects and not by
ranking the options (Gladwin, 1977). Gladwin (1980) defines an alternative is "a set of
characteristics or aspects", while an aspect is "an attribute or dimension or factor or feature of an
alternative". An aspect can be quantitative or qualitative values. For example, the aspects of a car
(in the choice of cars to buy) can be its cost, its appearance or its rate of petrol consumption.
Gladwin argues that people use decision cqteria with discrete yes or no outcomes, and use
procedures which simplify their decision making calculations. The decision tree illustrates these
criteria and procedures.
2.1 Stages in Decision Making
Gladwin (1977) describes the ethnographic decision tree modelling as a two-stage decision process:
(I) a pre-attentive or unconscious process, and (2) a process of maximisation subject to constraints.
These stages explain how the decision makers behave in their decisions to choose a particular
alternative.
Stage 1: Preattentive or Unconscious Process. When a decision maker is given a large number
of alternatives, he or she may narrow the set to a feasible subset that satisfies certain minimal
conditions. For example, when a farmer has six possible crops to plant he or she will eliminate
some of these crops rapidly or unconsciously or preattentively (Gladwin, 1980; Gladwin and
Murtaugh, 1980). He or she might eliminate vegetables because there is no irrigation, or potatoes
because of a lack of knowledge of how to plant them. The farmer might not even think of planting
cocoa because of unavailability of planting materials. In other words, when a specific aspect is
selected all the alternatives which do not have the selected aspect will be eliminated.
Gladwin (1977) states that the Stage I decision process is essentially similar to Tversky's (1972)
~s
Elimination by Aspects Theory which states that all the alternatives which do not have the desired
aspects will be eliminated thus leaving the one desired outcome. While Tversky's theory stops when
one alternative remains after getting rid of other alternatives, Gladwin (1977) argues that for more
important and infrequent decisions which require careful and conscious deliberation, a manageable
number of alternatives will remain. After the decision makers have reached this manageable number
of alternatives, about 2 or 3 (Gladwin, 1977), they will then proceed to the Stage 2 process which
involves the final selection of the alternative.
Stage 2: Maximisation Subject to Constraints. The conscious or hard-core decision process
occurs in Stage 2 or a process of maximisation subject to constraints (Gladwin, 1980). There are
six steps in this process (see Gladwin (1977, 1980) for a comprehensive discussion of the steps
involved).
Step 1. Listing ofAspects. If there are 3 or less alternatives to choose from, all aspects which are
contained in at least one alternative are considered and listed. For example, a car buyer is
given two alternatives car I and car 2 after eliminating all the other types of car. All the
aspects which influence the car buyer on the choice of the car are listed and considered such
as cost, style, model, colour, comfort and manufacturer reliability.
Step 2. Elimination ofAspects. Aspects can be eliminated in three different ways:
(a) If the decision maker considers an aspect has little or no subjective worth then that aspect
will be eliminated.
(b) If all the alternatives have equal or equivalent values on an aspect, that aspect will be
eliminated.
(c) If two aspects are of equal or equivalent importance, and the order of the alternatives on
one aspect is the opposite of the order of the alternatives on the other.
For example, if ax! > ax2 > ax) and (3x) > {3x2 > (3xt), then both aspects will be eliminated
(where ex and (3 are aspects and xI> x2 and x3 are alternatives).
Step 3. Selection ofAspects.
(1) Highest utility or subjective worth. Gladwin (1980) suggests tha the selection of an aspect
6
could be based on the aspect with the highest utility or subjective worth or alternatively an
aspect a can be selected by means of a choice function that does not require a rank ordering
of aspects.
(2) Ordering ofAlternatives. Gladwin (1980) suggests two ways of ordering alternatives: (a)
mutually exclusive, and (b) non-mutually exclusive.
(a) Mutually exclusive alternatives. If the alternatives are mutually exclusive, the decision
maker orders the alternatives (XI> x2, and x3) on the ordering aspect a:
(i) a total order:
a xl > ax2 > ax); OR
(ii) a semiorder:
axl > > lPx2 > > /jax); where ax) > > /jOlx2, if and only if ax! > ax2 + 0 and 0
is a just noticeable difference.
For example, a car buyer uses the aspect "cost" of the car on which to order or rank the
alternatives of car I and car 2.
(b) Non-mutually exclusive alternatives. If the alternatives are not mutually exclusively, then
the decision maker partially orders the alternatives on the ordering aspect a:
(i) axt > ax2 and ax) > ax2 OR
(ii) a semiorder:
ax! > > /jax2 and a x3 > > /jax2' where 0 is a just noticeable difference.
For example, a man buying shirts will often buy the two shirts if he cannot decide which one
he likes best, and if he has sufficient money.
Step 4. Constraints. Gladwin (1977, 1980) states that for each of the remaining aspects, the
decision maker or environment imposes a minimum requirement or condition that must be
satisfied by the selected alternative. Some constraints are formed from aspects imposed by
the decision maker, while some may be constraints from limited resources or previous
decisions. According to Gladwin (1977, 1980) the decision maker, therefore, is not conscious
of formulating constraints from some aspects since they come from farmers' deep knowledge
7of their farms.
Step 5. Passing through Constraints. The ordered alternatives are passed through the consiraints
(not necessarily ordered). For the alternative to be accepted if must pass all the constraints.
If there is no alternative passing all the constraints, the decision will go to Step 6. Gladwin
(1980) concludes that since the alternatives are ordered on an aspect and passed through the
constraints, the choice process is therefore an algebraic version of Maximisation Subject to
Constraints. She states that this choice process can be represented by a decision tree, table,
flowchart, or by a set of decision rules.
Step 6. Alternative Strategies. The ordered alternatives may not be able to pass all the constraints.
The decision maker needs to consider an alternative strategy in order for a choice to be made.
Gladwin (1977, 1980) suggests few alternative strategies that can be used which include: (1)
select another ordering aspect {3, (2) retain the ordering aspect 01 but change the constraint
set by decreasing the threshold requirement and/or eliminating the constraint, (3) choose the
highest ranking alternative on aspect 01, and (4) postpone the decision and search for new
0\ alternatives.
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2.2 The Decision Process as a Decision Tree and Empirical Testing
The decision or choice process can be represented by a decision tree (Gladwin, 1989). Gladwin
explains that the structure of the decision tree depends on the number of alternatives, aspects and
constraints. These aspects are regarded as the decision criteria or constraints which can be used to
assess or select the alternative. These criteria or constraints are discrete rather than continuous
variables. Gladwin (1989a) argues that the decision process is deterministic rather than
probabilistic; that is, the alternative either passes the criteria or constraints or it does not. These
are thus no probabilities. A decision tree is, therefore, a sequence of discrete decision criteria, all
of which have to be passed along a path to a particular outcome or choice.
One of the strengths of using EDTM in decision making is that it can be tested in predicting
choices made by another sample of decision makers from the same group (Gladwin, 1989c). Given
the structure of the decision tree if we know what each test case selects at each node of the tree,
we can predict their decision. This prediction can be compared with the actual decision '0
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determine if the prediction is correct. The usual rule is that if 85-95 per cent of the predictions are
correct then the decision tree is valid.
2.3 Previous Applications of Ethnographic Decision Tree Modelling
Ethnographic Decision Tree Modelling has been used to model a number of cases: (I) fertiliser
adoption decisions (Gladwin 1976, 1977), (2) farmers' cropping decisions (Barlett, 1977; Gladwin,
1983), (3) fish marketing decisions in Ghana (Gladwin, 1975), (4) families' division of labour
(Mukhopadhyay, 1984), (5) choice of cars (Murtaugh and Gladwin, 1980), (6) economic decisions
(Schoepfle, Burton and Morgan, 1984), and (7) tree planting decisions (Fairweather, 1992).
3.0 A NEW ZEALAND APPLICAnON OF EDTM
In this study, an attempt is made to apply the ethnographic decision tree modelling in a New
Zealand situation to elicit the decision criteria used by the sheep farmers whether to adopt or reject
the new sheep breeds.
The model was applied to a small and non-random sample of 40 sheep farmers in Canterbury.
These -farmers represented two subsets of farmers: 26 adopters and 14 non-adopters of three new
sheep breeds (Texel, Oxford Down and Finnish Landrace). Ethnographic interviews were used to
elicit the decision criteria farmers used in their decisions to adopt or reject the new breeds. In other
words, an attempt was made using these methods to identify the major factors influencing farmers'
decisions to adopt or reject the breeds from their point of view and to build a composite decision-
tree model. The decision tree model was also checked to test its predictability. This was done by
interviewing another independent sample of 20 farmers consisting of 12 adopters and eight non-
adopters of the new sheep breeds. In this test, each node or decision criteria in the mode! was a
question in a questionnaire. Errors were identified and the percentage predictability was then
calculated.
4.0 RESULTS
The main decision criteria used by farmers in their decisions whether to adopt or reject the new
sheep breeds are presented in the form of the decision tree in Figure 1.
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Figure 1: Fanners' Decisions to Adopt the New Sheep Breeds
9 4.1 Decisions to Adopt the New Breeds
ADOPT EXOTIC SHEEP BREEDS
GIVEN THAT YOU HAVE DECIDED TO ADOPT EXOTIC SHEEP BREEDS
26 cases
I
S. Do you regard high fertility as
the main reason to adopt exotics? Yes: 3 cases - ADOPT FINNS
No: 23 cases
I
6. Do you have more preference towards
leanness and muscling than faster
growth role? Yes: 17 C...s - ADOPT TEXEL
40 casel
I
(ADOPT NEW SllEEP BREEDS:DON'n
Figure 1 shows in parentheses at the top of the tree the decision whether to adopt the new sheep
breeds or not adopt the breeds. The results suggest that farmers' belief on the genetic factor is a
key decision issue in their deliberations whether to accept or reject the new breeds of sheep. If
farmers believed that the new breeds could improve the genetic merits (criterion 1: 29 cases) of
their stock and they had passed through all the constraints of time, ram availability and its cost,
they would adopt the new breeds.
As shown in the deci~ion tree model, the genetic factor is the main criterion used by farmers in
their decision to consider the breeds. From the interviews with the farmers concerned, they
regarded the genetic factor as the most important aspect in order to be able to achieve their farming
objectives or to solve the existing problems they faced in their farms. One of the objectives
mentioned was to increase productivity and hence financial return from their farms. Such problems
like overfatness, low lambing percentage and slow growth rates of their stock were also mentioned.
These aspects were directly related to the genetic factor and were not reflected in the decision tree.
There were 26 farmers who passed through the three constraints and who believed that the new
breeds could improve the genetic merits of their stock. In order to determine which particular breed
was relevant, farmers had decided to consider the most important attribute attached to a particular
breed which they believed could help to achieve their farm objectives or to solve some of the
problems they faced in their farms. A group of farmers decided to adopt Finns because they
believed that the main important attribute of the breed was high fertility (criterion 5: 3 cases) and
this was the attribute that they were looking for. Another group of farmers decided to consider
Texels because they believed that this breed has the attributes of leanness and muscling (criterion
6: 17 cases) and these attributes were their most important preferences. The final group of farmers
decided to adopt the Oxford Down (criterion 6: 6 cases). They believed that this breed possessed
the attribute of faster growth rates and this was their preference on their farms.
4.2 Decisions to Reject the New Breeds
- DO NOT
ADOPT
NOW
(Wait
aodseel
Yes: - DO NOT
3 cases ADOPT
Ye" - DO NOT
1 case ADOPT
No: 7 cases
I
No: 5 cases
I
DO NOT ADOPT
(Never)
'" No: II cases
I
Expon Restrictions
7. Do you export rams to
Australia llnd this is your
Teason for not adopting
exotics?
No: 8 cases
I
Health Risk
8. Do you believe that the
new sheep breeds will
pose a health risk to
your prescnt stock?
9. Will you ever consider Yes:
exotic9 in future? 2 cases
I
Genetic Improvement
1. Do you believe that exotic sheep
breed. can improve the genetic
merit of your alock?
'"Yes: 29 cases
I
Time
2. Do you have time to manage
the new breed with the exisling
workload thai you have on
your (ann?
No: 26 cases
No: 27 cases
I
Cost
4. Do you believe that !.he cost of
exotic rams is too expensive
that you do not wish to invest
in exotics?
Yes: 28 cases
I
Ram Availability
Yes: 3. Do you believe that there
1 case are nOI enough purebred rams
available which is a major
reason for not adopting
exotics?
- No:
1 case
- Yes:
I case
DO NOT
ADOPT
DO NOT
ADOPT
DO NOT
ADOPT
0\
0\
No: 6 cases
I
ADOPT OXFORD DOWN
As stated previously, farmers' beliefs in the genetic factor (criterion 1) played a significant role in
their decision whether to accept or reject the new breeds of sheep. However, farmers' belief in
genetic improvement of their stock did not guarantee that they would adopt the new breeds. They
0\
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would not adopt the breeds if they were subjected to certain constraints. Three important constraints
were identified in the study: (1) time, (2) ram availability, and (3) costs of the rams. If anyone
of these constraints applies then farmers will not adopt new breeds even though they believe in
genetic improvement. In other words, if farmers did not have sufficient time (criterion 2: I case),
high quality rams were not available (criterion 3: I case), or the costs of the rams were too
expensive (criterion 4: I case), they would not consider the new breeds.
If farmers believed that the breeds could not improve the genetic merits of their stock they would
not consider introducing the new breeds in their farms. Some farmers also incorporated two
additional reasons such as export restriction (criterion 7: 3 cases) and health risk (criterion 8: I
case) to their disbelief in genetic improvement for not adopting the new breeds. For example, a
group of farmers who had trade relations with Australia had decided not to consider the breeds
because a condition in their trade agreement was that farmers should not introduce any exotic
breeds into their property. This group of farmers combined the aspect of export restriction with
their disbelief of genetic factor for rejecting the breeds. Similarly, farmers who believed that the
new breeds would pose a health risk to their present stock would not consider introducing exotic
breeds in their property. In this case, they combined the aspect of health risk with their disbelief
in their genetic improvement for not considering the breeds.
One situation that was not revealed in this study was the possibility of the existence of a group of
farmers who might believe in genetic improvement but would not adopt the breeds because of either
export restriction or health risk.
However, one interesting aspect of the findings from this study was associated with farmers'
perceptions of the importance of the genetic merit of the new breeds. Some farmers (criterion 9:
2 cases) who did not believe in the capability of the new breeds to improve the genetic merit of
their stock and had decided to reject the breeds were adopting a "wait and see" attitude. They
maintained that they would keep an open mind, and were prepared to re-evaluate the new breedS
in future. However, there were others (criterion 9: 5 cases) who remained adamant that they would
continue to reject the breeds.
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4.3 Model Testing
The findings from the testing of the model showed that there was one error and therefore gave a
success rate of 95 per cent of the 20 cases used. The main error in the model was found in the
specification of the criterion for the new sheep breeds. The subject was mistaken about the attribute
of the sheep. He specified a leanness criterion and the tree predicts that he would adopt the Texel
breed. He actually adopted Oxford Down instead of Texel breed.
5.0 DISCUSSION AND CONCLUSION
In this research, a cognitive approach was used to study farmers' decision making processes. The
approach showed the decision criteria used by farmers in their decisions to adopt the new breeds
of sheep. These criteria were presented in the form of a decision tree.
The findings from this research have shown that there were several important factors considered
by the sheep farmers in their decisions whether to adopt or reject the new sheep breeds. In the
decisions to consider the new breeds a range of reasons were stated. The main decision was
farmers' belief on the genetic factor. If farmers believed that the new breeds did not improve the
genetic merits of their stock they would not adopt the new breeds. Other reasons for rejecting the
new breeds were export restrictions and health risk. On the other side of the coin, even if farmers
believed that the new breeds would improve the genetic merits of their stock, there was no
guarantee that they would adopt the breeds. They have decided not to adopt because of certain
constraints such as time, ram availability and the cost of the rams.
The decision to adopt the new sheep breeds was modelled as a cognitive approach to decision-
making where the procedures that farmers actually used in a real-life situation were taken into
account. The criterion of belief in genetic improvement is perceived as of paramount importance
to the adopters. The subsequent adoption is subject to various constraints of time, ram availability
and its cost. Farmers who have passed through all these constraints have decided to adopt the new
sheep breeds.
The adoption-diffusion model implies that the rate of adoption or the propensity to adopt an
innovation depends on the personality attributes of the individuals, and that this innovation is spread
0"\
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from the innovators (early adopters) to less progressive farmers or the late adopters. However, this
conceptualisation of diffusion or adoption of an innovation has been criticised by some researchers
because it does not reflect the actual decision processes by farmers. Some claim that Rogers's
model has a pro-innovation bias because it assumes that adoption is seen as positive and non-
adoption as negative or an irrational choice resistant to innovation (e.g., Clark and Staunton, 1989).
This application of Gladwin's approach supports the criticisms of this model, since from the
farmers' perspectives, the decisions not to adopt the new sheep breeds were rational ones. Some
farmers passed through the initial criterion of belief in genetic improvement. However, they went
on to reject the innovation because they did not pass through the constraints of time, ram
availability and cost. This group of farmers can be viewed as rational non-adopters and certainly
could not be classified as less progressive farmers.
On the other hand, there may be an element of rationalisation with those who considered that the
new sheep breeds would not improve the genetic merit of their stock, that is, those who did not
pass through the initial criterion. These non-adopters argued that there was not enough evidence
to suggest that the new breeds were more superior to their conventional breeds. They wanted to
see more research or trials carried out before releasing the breeds to the farmers. Once again, this
may be rational for non-adopters. However, it may be that some of these farmers do fit Rogers's
categorisation of later adopters or less progressive farmers. They may have rationalised their
preference not to adopt by invoking problems with the new breeds, and may not genuinely want
to see research that would suggest that they should change their policy. Therefore, even if proper
research were to be conducted and positive results were available, one could not guarantee that
more farmers would change and adopt.
Some of the implications of these results relate to improving the effectiveness of communication
about new sheep breeds, ways to encourage farmers to adopt new sheep breeds, and the relevance
of this research for other types of stocks or other potential sheep breeds. A practical policy could
be introduced in order to encourage farmers to take up new breeds. For example, the proponents
of Finns, Texel and Oxford Down may develop ideas about introducing the breed if (1) there are
ways to make time available, (2) more rams of high quality are available, and (3) the cost of the
rams can be reduced. The method adopted in this research can also be applied to study the adoption
of other animals. Last but not the least, it is important that research shoul·i establish the case that
genetic improvement does occur or that it can be obtained before the farmers make their decision
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to cO:Jsider the new breeds or animals.
In summary, modelling of the decision process underpinning the farmers' decisions is an alternative
approach in understanding farmers' decision making in their adoption of agricultural innovations.
The cognitive approach to decision making can help to identify the actual decision criteria and logic
used by farmers in their real-world decisions.
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Rationale FOl' Study
Kramer, R.A. et al (1995),2 undertook a Contingent Valuation Method mail survey
of 1200 United States residents asking a number of questions about attitudes towards
environmental and other social issues, their familiarity with tropical forests, their
socioeconomic characteristics, and their willingness to pay (WTP), towards rain forest
protection efforts.
After providing argumeuts for and against tropical forest protection, respondents were
asked if they would be willing to contribute to a United Nations managed fund to protect
an additional 5% of the worlds tropical forests. Depending on question format, the
average WTP of the respondents was WTP US$30 per household. Aggregating over all
I . Our sincere thanks to Dr. Scrimgeour for ongoing direction and advice in the
undertaking of this project. Any mistakes or misplaced observations remain our own.
2. Kramer, R.A, Mercer, E. & Sharma, N: "Valuillg Tropical Raill Forest Protectioll
Usillg the COlltillgellt Valuatioll Method." Herein referred to interchangably as "th e
Kramer study," or "the U.s. study."
households, this implies a WTP of US$2.7 billion. This could make for a significant
global fund if households in other indllstrialised countries are willing to make similar
donations. Kramer et al concluded that for both methodological and policy information
purposes, it would be of interest to replicate the study in other countries to determine if
the WTP for global environmental goods varies across countries with similar income
levels. The aim of the working group was to undertake the survey within New Zealand
on similar terms as the U.S. study.
The feature that distinguishes the Kramer study from most of the CVM applications is that
it requires respondents to value an international environmental asset} Importantly, an
asset that is anticipated to be removed in time and space from the subjects direct
experience. This point will be explored further in the consideration of the working groups
results.
Background:
Positive externalities can be derived from protecting tropical forests including both non-
market and market benefits. Non-market benefits include watershed protection, tourism
and bio-diversity. Market benefits can be obtained from logging, medicinal plants or
foraging (National Research Council, 1992). Beneficiaries can be easily identified
and the flow of benefits quantified. Tropical rain forest protection however, produces
non-point sources of benefits which are global in nature. Tropical rain forests are
important for carbon cycles, climate regulation and genetic resource conservation. There
has been increasing concern by developing countries as these global benefits are received
by beneficiaries who live thousands of kilometres away from areas where protection
activities take place.
3. Kramer et ai, (1995): "This study represents aile of the first applicatiolls of CVM for a
global environmental good." Ibid n.2, at p 2.
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As a result, beneficiaries in other countries receive these benefits of protection without
bearing the cost (free- riding). Even though consumptive benefits such as pharmaceutical
products can be obtained from rain forest protection, other aesthetic benefits can be
derived. Many people value tropical rain forests even if they do not receive any direct
benefits from their protection. Environmental economists refer to this indirect value of a
forest as the existence value. Evidence of existence values can be observed by
contributions to environmental organisations such as Greenpeace.
Identifying distant bt;neficiaries and measuring their willingness to pay for rain forest
protection is a difficult task for economists. Kramer (1995), surveyed the willingness
to pay (WTP), of US residents for preserving a portion of the world's tropical rain
forests. The study also aimed at determining the attitudes toward issues concerning
tropical rain forest protection and management.
Similarly, the purpose of our survey was: (I) to replicate the study by Kramer (1995)
within a New Zealand context; (2) to measure the WTP of New Zealand residents to
preserve tropical rain forests; (3) to determine the attitudes toward issues concerning
tropical rain forest conservation and management.
Conceptual Framework:
Our empirical effort to value tropical rain forest protection was based on welfare concepts
of environmental economics. A fundamental assumption of environmental economics is
the neo-classical concept that individuals maximise satisfaction or utility from using a
non-market good. Utility however can not be directly observed or measured. Neo-
classical economics can however estimate the utility change which is commensurable with
the prices for traded goods, i.e a quantifiable value. Hence, if a shad'.Jw price can be
estimated for a non-market good, the change in consumer surplus can be used as a
measure of welfare change caused by changes in prices or quantities (Devine, 1987).
()
However, Kramer observed that in the environmental economics literature environmental
valuation calculus can only be defensible if all market and non-market goods are valued
from the tradeoffs humans make based on their individual preferences.
We assume that respondents maximise their utility subject to an income constraint by
choosing between a qundle of market and non-market goods. If one of the non-market
goods is tropical rain forest protection, then willingness to pay will be a function of the
price of tropical rilin.forest protection, prices of other goods, income and respondents
preferences. Like Kr1\mel, we hypothesise that these preferences will be determined by a
variety of socio-economic characteristics.
Contingent Valuation Model
While Kramer's empirical contingent valuation model is based on two approaches, our
study used three different approaches. Kramer observed that there was a lack of
consensus in the literature about the question format for contingent valuation questions.4
Therefore, our sample was split into three groups. 400 of the sample were presented with
a referendum style question, while 400 received a payment card style question. The third
approach was to include a control group in the sample. The control group (numbering
160) were provided with an open-ended, "one time offer" style of question. Further
analysis of this sub-sample is discussed in the section on criticisms of the survey below.
In order to apply the referendum contingent valuation question, the sample was once
again separated into ten discrete sub-samples. Each sub-sample was asked for their
willingness to pay a particular amount for tropical rain forest protection, with a response
of either "yes" or "no". The logit regression model was applied to determine the
likelihood of paying by a respondent is greater or less than a specified bid. The logit
4. In adopting the format of Kramer et al study lVe implicitly accepted the validity of the
information contained in the survey. The Kramer study utilised focus groups to refillc
and test the survey instruments. Ibid n. at p 7- 8.
~model creates a function that depicts the probability that willingness to pay will exceed the
offered bid amount. Analysis is then conducted by plotting the probability of being
willing to pay against various specified bids. Like Kramer, this study analyses the
relationship between willingness to pay and other variables including income and family
size, through the application of the logit model.
In respect of the payment card format respondents were presented with a discrete range of
values from 0 to, 10Q dollars and were required to circle tlie value nearest to their
willingness to pay. : In the Global survey's referendum question, Kramer used the
,
censored regression model to predict a mean willingness to pay using the log of the bid.
Our group implemenl'ed the same regression model without the log of the bid. Errors
occurred while using the log of the bid as the number 0 was utilised as a dependent
variable. As with the logit analysis of the referendum responses, the same variables were
implemented.
Survey Design and Implementation
The survey used in this study was adapted from the survey designed by Kramer. Some
questions were modified to a New Zealand context. The general format and style of
questions was maintained. The survey contained information on the reasons for
protecting tropical rain forests and the effects of deforestation. It contained questions on
ranking social problems and environmental problems, questions about the familiarity of
issues concerning tropical rain forests. contingent valuation questions and socio-
economic questions. Kramer's survey design was based upon Dillman's (1989),
"Total Design Method."
o
The survey was mailed to a random sample of 960 New Zealand citizens in April 1995.5
An important factor to note is that because of the time frame allocated for this project, it
was difficult to determine an optimal sample size through pre-testing. The sample was
randomly selected from the New Zealand electoral rolls using the statistical package
Minitab. 96 surveys were returned representing a 10% response rate. Correcting for bad
addresses 106. The 10Yl response rate is attributable in part to the restricted time frame of
the project which prevented our group from conducting follow-up mailings. Dillman
(1989), recommends follow-up mail requests for obtaining adequate response rates. We
believe that there ma)i be other explanatory variables which account for the low response
rate. In general this centres around the subject matter of the survey. This point will be
further discussed as btlow and in the results section of this paper.
The Control Group:
The purpose of the control group was to ascertain whether the "topic" the subject was
being asked to address influenced WTP . Depletion of the ozone layer was chosen on the
assumption that New Zealand subjects have a stronger interest in the maintenance of that
environmental asset than tropical rainforests. This was predicated on the belief that a
stronger nexus of interest existed for New Zealand respondents in ozone depletion given
the higher media profile and general national concern with potential threats to the nations
primary sector and recreational hazards (skin cancer). Conversely, the remoteness in time
and space of tropical rainforests was anticipated to reflect a lower WTP than ozone
maintenance.
Information on ozone depletion as it relates to New Zealand was given in a concise
passage within the survey document. It highlighted the importance of protecting the ozone
layer for the nation and proposed the establishment of a hypothetical "save the ozone
5. Given a higher response rate our study could have had the potential of being more
representative of national public WTP than the Kramer study. The latter paper surveyed
a smaller proportion of the American population.
fund." Following the passage one question was asked: "How much would you be willing
to pay to reduce ozone depletion by contributing to a world "ave the ozone fund." The
reason for asking only one question was to avoid lengthening the survey to any further
extent.
The effect of this split sample approach is tantamount to asking one group to evaluate X;
with the second asked to evaluate Y. A third approach (as followed by our group) is to
ask another group to·, value both X and Y. If there exists a lower WTP for X and Y
together than the WTp for X and Y separately then it might be assumed that individual
preferences have a large substitution effect between X and Y (Diamond & Hausman,
1994) .
It was intended that the mean WTP for the ozone question would be compared to the
mean WTP for preventing deforestation. If a close substitute is introduced the decision
'.:J becomes more difficult as preference has to be given to one of the goods. A rational
~ consumer is assumed to make the purchase that will maximise their utility with that choice
occurring within their budget constraint. Should individuals be required to donate to
several environmental problem funds the per fund amount will be considerably Jess than
if individuals were faced with only the prospect of donating to one fund. That
presupposes that an individuals valuation of a particular environmental asset is relative to
the number of other value judgments the individual is required to make. This is what the
control survey hoped to illustrate.
Due to the lack of data in our study it is not possible to abstract even a general statement
as to the above. Diamond and Hausman however have noted that studies utilising
alternative bundles of environmental assets should reveal a WTP that is larger the smaller
the quantity of (wilderness area) remaining. This implies that the WTP to preserve two
threatened areas should be larger than the sum of the WTP to preserve ·~ach as a single
threatened development area. Instead, stated WTP was roughly the same for preserving
one, two, or three threatened areas, making the amount for several areas together
significantly less than the sum of the amounts for the areas separately. "Neither the
income effect nor the substitution effect can plausibly explain the embedding effect in this
experiment." 6
Diamond et al continue by noting that the warm glow effect may explain this pattern. The
phrase refers to the hypothesis that individuals are primarily reporting an expression of
support for the enyirqnment, an expression that does not vary much with small changes
in the precise envirolll;nental change being described.
In the above study Diamond et al were commenting on results relating to similar
environmental assets (threatened land areas). In our split survey the assets are different in
substance and form. In studies employing differentiated assets a tendency for embedding
has been revealed. Embedding effects has been described as the main contingent valuation
anomaly (Kahneman and Knetsch, 1992). It describes the tendency of the WTP of
respondents to be highly similar across different surveys, even where theory suggests
(and sometimes requires) that the responses be very different. The effect is thought to
arise from the nonexistence of individual preferences for the public good in question and
from the failure of respondents to consider the effect of their budget constraints. Because
of this effect, different surveys can obtaih widely different stated WTP amounts for the
same public good, with no clear way for selecting one particular method as the
appropriate one.
Socioeconomic Characteristics and Environmental Attitudes of Survey
Respondents:
This section reports on the socioeconomic characteristics of respondent households. The
output results are attached as Annex I. The averaged income was between the $30,000 to
6. Ibid n.2, at p.51.
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$40,000 range. The average number of years of education was 13.03. Average
household size was 2.37 persons. There was a relatively even split in number between
male respondents (49) and female respondents (45).7 The reported political affiliation of
the surveyed sample was Alliance- 13, Labour- 12, National- 21, Other- 12, and
Undecided- 32.8 Average age of respondents was 44.31 years with the overwhelming
ethnic description being Pakeha (European) (69), with (3) Maori, 2 Asian, and 15
ltothers."
Tropical deforestatio)1 appears to be a well known issue among the New Zealand
populace with 93 respondents replying in the affirmative to the question; "before today,
have you ever read, at seen TV shows about tropical rainforests?" 85 claimed to know
reasons for tropical rainforest deforestation. Respondents were asked to rank in degrees
of importance (Very important, Somewhat important, Not important), their personal
reasons for protecting tropical rainforests and then to list in order the three most important
reasons from the list provided. 43 of the respondents considered the abatement qualities
of global climate change to be the foremost personally relevant issue.9 Variations on
Biodiversity preservation followed as the next most significant set of reasons for
preservation of tropical rainforests.
7. The U.S. study received an "overwhelming male" response. reflecting the bias of
drawing the mail sample from the telephone directory. Most American households list
their phone numbers in the name of male heads of households. Ibid n.2, at p 9. Our
survey drew from the electoral role which reduces gender bias and confirms the Kramer
et al conclusion.
8. The U.S. study reported an even three way split between the major political groups in
the US (Democrats. Republicans, Independents). Ibid n.2, at p 9.
9. Kramer et al note in the context that the high reporting of knowledge of tropical
deforestation in their was not surprising given the survey was conducted just before the
Rio Conference when there was considerable media coverage of tropical deforestation
(and biodiversity preservation efforts). Our survey was posted shortly after the New
Zealand Governments Minister for the Environment, the Rt Hon Mr. S. Upton return from
the March 1995 Berlin Conference of the Parties (COP) pursuant to the Framework
Convention on Climate Change (FCCC). The Conference received media coverage in New
Zealand, albeit limited in volume and substance.
28 respondents claimed to have visited a tropical rainforest with 15 intending to visit in
the future. Significantly, 51 were undecided. The relevance of these responses is that
unlike the U.S. study the WTP discussed below possibly indicates use values.
To establish relative importance of tropical rain deforestation to other social issues
respondents were asked to rank "general problems" on a scale of I to 6. The highest
average rank was the ,environment (2.27), world hunger and poverty (2.62), education
(2.83), the econoll)y 0.51), crime (4.32), and drug abuse (4.93). The highest ranking in
the Kramer et al study:was also the environment.
In a similar fashion, re'spondents were asked to weigh tropical deforestation against other
environmental problems. Highest ranking's (indicating greatest importance) were given to
water (3.08), ozone hole (3.39), air (3.44), global warming (3.52), New Zealand ancient
forests (3.84), tropical deforestation (4.05) acid rain (5.62). The results compared to the
Kramer et al study indicate a similarity of concern with air and water, however our study
revealed a greater concern with the "hole in the ozone layer" before "air" although the
three issues combined (air, water, ozone), have closely related average rankings. Kramer
notes that the highest rankings of air and water "is not surprising since the localised
effects ofthese problems are more pronounced than other problems in the list, and their
may be a perceived greater link with the health ofthe respondents and their families." 10
We believe that hypothesis is valid given the relevance of the ozone hole depletion issue
to New Zealanders and the fact that it assumed a greater primacy of import than issues
more directly relevant and experienced by Americans. Conversely "acid rain" reported the
lowest average ranking. This issue has little or no meaning in the actual experience of
New Zealanders (beyond the vicarious experience of media reporting).
Factors Affectin2 the Willin2ness to Pay:
10 Ibid n.2, at p 9.
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RESULTS OF THE REGRESSION ANALYSIS:
payment cant system uSlnl aurerem regressIOn tecnmaues
Variable Mle* Ols
Constant 27.730(771 .3) -1.0583(-1.411)
Log of Bid
Log of Income 466.62(41750) 0.1188(2.217)
Rain forest visit dummv I .8095(283.2) -0 .9576(-2.058)
Cost sharing dummy , 25.478(2755) 1.8924(3.489)
Family size 134.21 (9927) 0.1781 (1.038)
Charitable donation dummy 19.919(3662) I .1059(2.342)
Sample size I 38 38
*with Bid as the dependent variable rather than the log of Bid
.......................v ....... ~1 ... 1. ...... 1 .... .."I.Il::. ... I'J .......... v .........
Variable Estimated Coefficient
Constant 7.9671 (0.6273)
Log of Bid -1.2976(-0.5256)
Log of Income -0.473(-0.8949)
Rain forest visit dummy 1.2822(0.5591)
Cost sharing dummy -0.066(-0.0356)
Family size -1.2102(-1.8752)
Charitable donation dummy 6.3414(1.1400)
sample size 17
Rsq. McFadden = 0.3079
Maddala = 0.3412
CralUl:-Uhler = 0.4597
Right predictions = 71 %
Values in parenthesis are t-values.
Brief Comment on the results:
For the payment card system maximum likelihood estimation could not be carried out
with log of Bid as dependent variable because some of the values were not positive, ie
some of the log of Bid values were O. The results presented in the table above use the
Bid value as the dependent variable. Estimation with MLE gave some very significant
coefficients. When used for prediction, however, these estimates almost always
overestimated by a very large percentage so as to render the estimates unreliable.
Ordinary least squares provided much more credible estimates. Except for family size all
the other variables were all significant at the 5% level. The direction of influence of all
the variables is the same as that obtained in the Kramer study.
For the referendum system, with only 17 observations to work with, it'was almost
unlikely that we would get significant results. As it turned out all the estimated
coefficients were insignificant at the 5% level. The sign of the income variable was not
the expected one. 'One would expect a positive sign, not a negative one. The positive
rain forest dummy may indicate that people who have been, or intend to visit a rain forest
l
in the future are more willi"lg to contribute to the save the rainforest fund. The negative
cost sharing sign coulq be interpreted in terms of free riding. Individuals who may value
preservation of rain forests may not want to contribute to the fund because they may think
that their individual contribution may not make a difference to the overall result and that
many others would contribute anyhow. The other variables had signs similar to
Kramer's and could be interpreted in the same way as Kramer has.
Willingness to Pay:
Estimated WTP is shown in table (x) The average WTP is $NZ 37.70. We are reluctant to
make any statement about the average WTP given the low response rate.
Differentiated Responsibilities:
Kramer notes that possibly the most interesting policy finding is that in their study 66%
of the households said that industrialised countries should share the costs of protecting
remaining rain forests. In our study we recorded just over 75% of households answering
in the affirmative with industrial countries paying on an average 46% of preservation
costs. Our results suggest that there may be a strong presumption among New Zealanders
that shared costing arrangements as set out in the Biodiversity Convention signed at Rio
should be persued.
'.J
'.J
Criticisms of the Survey:
In the "Saving Tropical Rainforests," passage it reads, "Understanding how important
tropical rainforests are to people in New Zealand is crucial for deciding how much money
to spend and which programme and policies should be used to save the rainforests."
Although respondents would realise that their contribution is important the above
suggests that new government policies and spending will be diverted to saving forests.
For some, the issues 9f employment, healthcare, and education f.re more important and
may be perceived to qe at threat if scarce resources are diverted from these programmes
I
and applied to environmental problems. Respondents may have refused to complete the
survey out of concerIl'of complicit association with deteriorating conditions within these
other matters.
In a similar vein, 15 respondents refused to signal a bid in the survey with 5 stating that
they can not afford to pay to preserve tropical rainforests. Another 3 objected to the
question. This demonstrates a significant misunderstanding of the purpose of the survey
instrument with respondents apparently believing that they would be called on to actually
pay. No comparable comment is noted by Kramer. If this response is typical of the
proportion of New Zealand respondents who read the bid question in this way then it
suggests that there should be substantial amendments to the survey document (and/ or
covering letter) to convey the correct intention.
Further, some respondents gave extended and in some cases detailed reasons for
contribution/ non- contribution. Our method of analysis did not take into account any of
these reasons as they were not relevant to our intended quantitative analysis. Some of the
respondents expressed little faith in the United Nations as an appropriate body to
administer the fund. This suggests that respondents who may have wanted to express a
payment preference did not do so solely on the basis of the form of payment vehicle.
Future studies might consider presenting respondents with a choice of payment vehicles
to overcome this reporting bias.
The existence of extended reasons for contributions suggests at a minimum that tropical
rainforests acted as a focal point for warm glow. That can be extended however, to argue
that warm glow is only a partial explanation of respondents bids. Extended explanations
demonstrate an awareness beyond the visceral reaction of "something must be done,"
and indicates a mO,re a,cute awareness and personal connection with environmental issues.
This implies the creati,on of a survey design that isolates the use and non- use values with
greater certainty.
In the second survey a bid range is given in multiples. It could be argued that this detracts
from the accuracy of the sample in that the extremes of valuation are not accounted for.
Neither the very low nor the highly altruistically influenced bids are able to be captured.
This may have significant effects on the final WTP valuation. I I
As noted in the introduction to this paper, due to time constraints there was no
opportunity to pre- test the survey on the sample group. Notwithstanding the conciseness
of the paragraphs it can not be assumed that the information presented was accurately
understood by the subjects. A pre- test would have been able to identify and correct for
that potential. It was perceived amongst some members of the group that the volume of
information may have acted as a disincentive to complete the survey. Why the same
volume of information should be treated differently by two national groups is a matter of
speculation. It is suggested that national variations in willingness to speak and to be heard
may lie at the heart of the differences in reporting. Constitutional traditions and
participatory political structures vary enormously between New Zealand and the United
11. Framing the question in multiples may forego accuracy with the extremes of bids not
being recorded. If the bid range is confined to say $15- $60 then the true preference of
the respondent who would be WTP $10 is not noted. At either end of the margins of
bidding the fund could be drastically over or under- valued.
States. 12 There may be some validity to that proposition, however in itself it fails to
explain the level of reporting in our survey as there have been successful CV M studies
conducted within New Zealand.
Further, due to no pre- surveys we were unable to ascertain the appropriate sample size
that this survey required.
Personal interviews ~ere suggested by some of our research group as being a method
that may have directly,captured the data that we were unable to otherwise collate via postal
I
surveys. This has been described as Verbal Protocol Analysis (VPA), and has most
recently been used in astudy on the WTP to protect migratory waterfowl from drowning
in uncovered waste water holding ponds from oil and gas operations (Schkade and
Payne, 1993).
~ Diamond & Hausman note that the transcripts in the Schkade study show the inherent
difficultly in selecting a WTP response and the extent to which people refer to elements
that ought to be irrelevant to evaluating their preferences. Respondents verbalised many
diverse strategies with the most common being acknowledging that something should be
done and then trying to calculate an appropriate amount. Importantly, many respondents
seemed to wish to signal concern for a larger environmental issue. This pattern may
reflect the unfamiliarity of the task the respondents faced (Diamond & Hausman). It
might be argued then that the mode of communication cannot guarantee per se that true
preferences will be revealed. This puts into question the validity of CVM methodology
since regardless of the means used to obtain CVM data there may still exist embedding
12. By analogy. the Resource Management Act (1991), has partially privat;sed the right
to bring criminal prosecutions under the "any person" provision in section 316 (1).
Presumably this is based in part on the United States model of private interest group
suits. It is questionable whether the optimal number of suits can be achieved in New
Zealand. The US is noted for its litigious culture and operates within a costing structure
that provides incentives to bring actions.
effects. The degree to which those effects are present may simply be a function of the
mode of enquiry employed.
Is it enough to account for the low response levels to say simply that New Zealanders do
not like surveys? That in itself is an inadequate explanation given the success of other
CVM surveys in this ~ountry;Notwithstanding our own criticisms of the survey design
and noting our difficulties with implementation (no pre- testing, no follow up letters), we
do not believe tha~ tht< survey response was low solely for these methodological reasons
We accept that they ar,e in part significant explanatory factors and that the implementation
of a more robust methodology might well have lead to data that we could have expressed
at least some confidence in. It is our view however that the survey subject matter may
have played a significant role in the low response rate.
The findings of Diamond et al suggests that people are not easily in touch with underlying
preferences about the type of commodity asked about. That may be particularly true in the
New Zealand context when considering remote issues such as tropical deforestation. The
point is given added credence when considering the success of CVM surveys that
consider localised environmental assets (Kirkland, 1988). Our control group
concerned with ozone protection saw only 5 responses so it is not possible to
meaningfully discuss those replies. The ranking of environmental problems by
respondents however does indicate that there appears to be some rough correlation with
the nexus of the environmental issue and respondents attitudes. That is, New Zealand
respondents noted ozone depletion as being of significant importance to them. Other
stratostrophic concerns manifested themselves in New Zealand respondents with
concerns expressed about climate change and air quality.
Further, the interest in forest preservation extended beyond stratospheric concerns to
include a relatively equal ranking of interest in a bundle of biodiversity issues. It may be
that respondents are not so much interested in tropical rainforest preservation in its own
~right rather that entity acts as a focus for a wider ambit of environmental concerns. If that
is true then we may be witnessing (i) a degree of warm glow and/ or; (ii) a failure of the
survey to capture the nature of the use values, and it follows therefore; (iii) a failure of the
survey to capture the actual environmental commodity that is being valued
This raises two immediate issues:
First, even if sufficien't data was obtained in our study it can not be accepted that the total
WTP accurately or act).lally reflects revealed preference. The embedding effects referred to
earlier may support the hypothesis that responses are primarily determined by warm glow
(Diamond & Hausmah). That is, if respondents derive satisfaction from supporting the
environment, the WTP for this warm glow is not part of the gain from a particular
environmental project. An individual then, expressing preferences in favour of preserving
a percentage of the international stock of tropical rainforests, may be doing so in order to
feel environmentally supportive rather than supporting the actual preservation of tropical
rain forests.
Secondly, if New Zealand respondents felt sufficiently removed from the environmental
issue contained in the survey then that suggests that CYM applications are best suited to
scenarios where the environmental asset in question are known with a higher degree of
familiarity. On this hypothesis we would expect a considerably higher response to a
survey that sought the WTP for say the preservation of a species of Kiwi or preservation
of a national environmental icon such as the Milford track (which is not only well known
to New Zealand nationals but has been used by many in the country, and particularly, has
significant importance for collecting tourist revenue on which a large sector of the New
Zealand economy depends).
Finally, in attempting valuation studies of international environmental assets within a
national setting alternative valuation techniques might be employed. To this end it may be
more appropriate to consider some variation of game theory to capture individuals
preferences through iterative bidding. The conceptual validity of game theory requires in
the first instance that individuals know the set of environmental assets that are to be traded
off. Pre- testing can be accounted for by trial runs to correct for misinformed ,preferences
with embedding and warm glow reduced or eliminated through the creation of incentives
for the players to e,xpr~ss true preferences in the face of both psychic and monetary lo~s.
The work of Moyle (1,995), within the context of valuing species preservation in a game
theory analysis should 'be considered for further application in international environmental
valuation.
In conclusion we recommend the following:
Either:
Subsequent studies re- run the survey within a wider timeframe and apply a more
robust analysis. This is contingent on subsequent working groups accepting that
CYM is the appropriate valuation tool within which to conduct this particular
valuation.
Or:
Alternatively, we believe that further work be undertaken to identify the conceptual
basis of game theory val uation as applied to international asset val uation. This could
provide furtile ground for analysis in an applied context by a subsequent working
groups.
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Question Number Descriptior. Result
1 Count of positive responses 93
Count of negative responses 3
1a Count of newspaper responses 66
Count of TV and Radio responses 86
Count of magazine responses 61
Count of books responses 39
Count of friends responses 22
Count of other responses 23
1b Count of positive resp0nses 85
Count of negative re"ponses 8
,
1b Part:: Count of cattle farming 43
, Count of fire 22
Count of firewood collection 40
Count of oil drilling 19
Count of farming 68
Count of logging 73
Count of mining 48
Count of war 19
Count of other 14
2 Count of positive responses 28
Count of negative responses 68
3 Count of No responses 25
Count of Yes responses 15
Count of Uncertain responses 51
4 Sum of reason "a" 273
Sum of reason "b" 273
Sum of reason "c" 189
Sum of reason "d" 247
Sum of reason "e" 243
Sum of reason "f" 268
Sum of reason "g" 67
5.1 Sum of reason "a" 17
Sum of reason "b" 14
Sum of reason "c" 0
Sum of reason "d" 3
Sum of reason "e" 10
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Sum of reason "f' 43
Sum of reason "g" 7
5.2 Sum of reason "a" . 26
Sum of reason "b" 23
Sum of reason "c" 2
Sum of reason "d" 8
Sum of reason "e" 13
Sum of reason" f' 16
Sum of reason "g" 3
5.3 Sum of reason "a" 21
Sum of reason "b" 28
Sum of reason "c" 7
Sum of reason "d" 13
, Sum of reason "e" 14
Sum of reason "f" 10
, Sum of reason "g" 3
6 The Economy 3.510416667
World Hunger and Poverty 2.625
Education 2.833333333
Crime 4.322916667
Drug Abuse 4.9375
The Environment 2.270833333
7 Ozone Hole 3.397849462
Global Warming 3,521276596
Acid Rain 5.627659574
, Air 3.446808511
_. Water 3.085106383
Tropical Deforestation 4.053191489
, NZ Ancient Forests 3.840425532
9 1 0
2 1
3 3
4 5
5 3
6 3
10 1 16
2 4
3 12
4 7
S 4
Page 2
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11 Count of No responses 17
Count of Yes responses 74
Average % a country should pay 46.22727273
Count of I don't know responses 51
12 1 1
2 5
3 1
4 4
Section C Donation to a fictional organisation 57.5
13 Average age 44.31182796
I
14 Number of Females 45
. Number of Males 49
15 Average Family size 2.376470588
16 Don't belong to a environmental group 63
Do belong to atleast one environmental group 28
17 Don't subscribe to a nature magazine 72
Do subscribe to htleast one nature magazine 19
""
18 Alliance 13
Labour 12
National 21
Other 12
Undecided 32
19 Pakeha 69
Maori 3
Pacific Islander 0
Asian 2
Other 15
20 Family Home 81
Flat 12
Other 2
21 Average number of years spent in education 13.03448276
22 Self Employed 24
Page 3
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Full Time 27
Part Time 7
Retired ·12
Student 4
Homemaker 13
Not Employed 3
23 oto 10000 1
10000 to 20000 7
20000 to 30000 7
30000 to 40000 9
40000 to 50000 8
50000 to 60000 3
60000 to 70000 4
70000 to 80000 3
I 80000 to 90000 3
90000 to 100000 0
. 100000 plus 4
24 Education 285.1923077
Religion 843.3333333
Medical Research 60.33333333
Public Broadcasting 121.7142857
The Arts 67.72727273
Environmental Causes 70.38401538
Political Organisations 632.5
Organisations to help the poor 110
Others 301.3333333
Page 4
00
N
Question Numt Description Result
8 37.70408163
,
.
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Buckground
In recent years, and especially since the United Nations Committee for Environmental
Development (UNCED) conference in Rio in 1992, international awareness of the effects
of economic growth on the natural resource base has continued to grow. Pressures
resulting from public perceptions of environmental imperatives are likely to influence New
Zealand (NZ) agriculture in the following three ways:
(a) environmental protection policies in our overseas markets may impact 'on imports
from New Zealand;
Environmental Quality Assurance:
Industry Standards and the RMA
(b)
(c)
increased consumer expectations for environmental quality in agricultural products
and production systems will increasingly affect demand for New Zealand exports;
and
pressure will continue to grow within New Zealand for agriculture to address the
environmental effects of its production systems (Morriss, 1995 a).
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Abstract
Increased consumer expectations for environmental quality in agricultural products and production systems is likely
to increasingly affect demand for New Zealand exports. Global competitive environmental advantage for New
Zealand's agricultural produce will come largely from the quality ofour production processes: proof of the natural
farming conditions in which products are produced, and the relatively low levels of inputs required over the whole
process from paddock to plate. However, competitors can be expected to highlight perceived deficiencies in New
Zealand's stated environmental performance. Adequate and visible quality assurance systems will be essential. The
ISO 14001 Environmental Management Systems Standard is due for release in mid 1996. This paper will consider
the potential for the ISO 14001 Standard to provide a practical vehicle to enhance market .ccess opportunities for
agricultural businesses while delivering assurances that Councils seek within their Resource Management Act 1991
accountability.
The ISO 14001 Environmental Management Systems Standard is due for release in mid
1996. In this paper the potential for the ISO 14001 Standard to provide a practical vehicle
to enhance market access opportunities for agricultural businesses, while delivering
assurances that regional and district councils seek within their Resource Management Act
1991 accountability, will be discussed.
Qualit)· Framework
As the world becomes increasingly committed to environment issues, the number of
'green' consumers is likely to grow and producers of 'green' products may gain a
competitive edge. Competitive environmental advantage for New Zealand's agricultural
produce would then come largely from the quality of our production processes: proof of
the natural farming conditions in which products are produced, and the relatively low
levels of inputs required over the whole process from paddock to plate. Differences
between NZ's farming systems· our climate, pastures, soils and animal care - and those of
our competitors can be compared to NZ's advantage.
In the UK, for example, the "green constituency" includes more than 4 million members of
conservation and environmental groups (Elkington et ai, 1990). 'Environmentally
responsible' shoppers in the United States comprise 14 million-19 million households, or
15%-20% of the population (Rosendahl, 1990). In some countries, consumers have shown
themselves prepared to pay a premium for products produced in a way that makes them
environmentally friendly (Anon, The Progressive Grower, 1991).
The market potential for "clean" products that are low in contaminants and residues is
likely to be different and quite likely greater than that for "green" products that use
environmentally friendly farming and growing practices. In both cases, the potential will
also depend on the buyer's pur~hasing criteria pertaining, for example, to the product's
price, other quality and presentational attributes. Capturing the gains from this shift will
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require the agricultural conununity to recognise environmental indicators as quality
attributes with marketable value, and to incorporate them in marketing and business
development strategies.
It is not going to be sufficient for New Zealand farmers to rely on an unsubstantiated
"cleaner, greener" image of NZ in any market. Confidence in 'green' advertising claims is
eroding (Chase, 1991). Market observers have commented that consumers claims that they
are willing to pay more for "green" products have often not been matched by experience in
the market place. They put this down to scepticism about questionable product claims.
Should NZ choose to incorporate this advantage in national or sectoral marketing strategies,
competitors can be expected to counter-attack by highlighting perceived deficiencies in
New Zealand's stated environmental performance. Adequate and visible quality assurance
systems will be essential to provide consumers and trading partners with the confidence
they demand about the origins of agricultural products. "Quality" in environmental terms
will increasingly extend beyond the safety and purity of any particular product to the way
in which it has been produced and in the way lapses are detected and put right.
The International Trading Environment
At the "GATT - Capturing the Opportunity" Conference held at Parliament late last year,
Mr David Irving, Area Director, HeinzlWattie's Australasia described the context within
which environmental management standards will operate:
He said that "as countries are forced under the terms of GA IT to reduce transparent trade
barriers. so non tariff trade barriers are likely to become more important. Issues relating
to the environment. animal welfare and food safety are likely to be paramount. Excellent
and consistent quality management and assurance systems from paddock to the
supermarket shelf will become even more critical if we are to effectively manage our way
through regulatory minefields and cultural sensitivities in the course ofgelling our
products on the tables ofconsumers. Consumers are reading our labels for evidence which
will encourage purchase of one product over another. This is not the behaviour of some
lunatic fi-inge. it is becoming a mainstream activity in export markets and we should
encourage it. "
One of the concerns expressed of environmental standards is that they might become
barriers to trade. Under GATT rules, the ISO 1400 I standard cannot be used as a non
tariff trade barrier. GATT rules do not allow any importing country to require compliance
with standards such as those being developed by ISO. Because these standards address
company management practices rather than any particular characteristic of traded products,
these standards cannot be used by importing countries as mandatory technical measures
under GATT rules.
However, customers may chose to seek compliance to these standards from their suppliers.
While the New Zealand Government can maintain official market access under the new
GATT rules, New Zealand exporters will need to ensure that they can meet the specific
requirements of their customers, insurers and lenders, which may include evidence of
environmental management practices. Such evidence could be in the form of compliance
with recognised standards. Certification to these standards demonstrates to customers that
companies have reached a benchmarked and globally acceptable standard.
ISO Standards Development
In preparation for the UNCED conference in Rio in 1992, business representatives
highlighted the need for international standards for environmental management to provide a
base for trade relationships. In 1991, the International Organisation for Standardisation
(ISO), a worldwide federation of national standards bodies from some 90 countries,
established the Strategic Advisory Group on Environment (SAGE) to investigate the need
for standards on environmental topics. ISO Technical Committee 207 on Environmental
Management (TC207) was set up in 1993. It has now established six subcommith:es which
are currently developing a series of international standards and guidelines on:
Environmental Management Systems (EMS) - including specifications for certifying
that an organisation has the management systems in place to meet its stated
environmental goals;
Environmental Auditing - including general principles for environmental auditing,
and procedures for the auditing of an environment~l management system;
Environmental Labelling - covering principles and practices of environmental
labelling, terms and definitions;
Environmental Performance Evaluation - for use by organisations to measure,
assess, and communicate their environmental performance.
Life Cycle Assessment· dealing with life cycle inventory development and analysis,
impact and improvement assessment.
A further group is dealing with terms and definitions in this area with the objective of
producing a guide on terminology (Buwalda, 1994).
Environmental Management System Standard
Any organisation can have an environmental management system in place for the
management of environmental issues. The Draft ISO 14001 standard defines an
environmental management system as:
The organisational structure. responsibilities. practices. procedures. processes and
resources for implementing environmental management.
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Many companies and organisations in New Zealand already have such systems, but as Hans
Buwalda of Woodward-Clyde New Zealand Ltd and one of NZ's representatives on TC20?
says, "they will often not be as comprehensive as this definition implies". .
The purpose of the ISO 14001 standard is essentially to enable the international recognition
of an individual company's environmental management system (Morriss, 1995 b). The
relevance of the standard for the future can be clearly seen by following the development
and uptake of the ISO 9000 quality standard. Although voluntary, customer pressure is
seeing the ISO 9000 quality standard becoming increasingly necessary to do business
around the world (Bowers, 1994). The ISO 14001 environmental management standard
may become a de facto requirement for being able to compete in many regions of the
global marketplace.
The working draft of the ISO 14001 standard has been written in a way that tries to
balance the need to apply to businesses of different sizes, and in all countries of the world.
So while it covers aspects such as a commitment to continual improvement and compliance
with applicable legislation and regulations, the standard docs not establish absolute
requirements for environmental performance.
The target date for publication of the ISO 14001 standard is I January 1996. It is highly
likely that there will be a draft international standard available from late July this year and
an interim New Zealand standard developed by September this year.
Key Aspects of ISO 14001
~ The current draft of ISO 14001 contains a number of elements including:
Environmental Policy
Planning
Implementation and Operation
Checking and Corrective Action
Management Review
Buwalda (1995, pers.comm.) has described these categories as follows:
(a) Environmental Policy
The Environmental Policy states an organisation's commitment to environmental
management. It also provides a framework for setting objectives and targets. It
must be documented, communicated to all employees and be available to the public.
The policy must contain commitments to continual improvement of environmental
management, to prevention of pollution and to regulatory compliance. The
commitment to continual improvement of environmental management is to ensure
that organisations are constantly assessing their environmental management systems
and seeking to improve these. A commitment to continual improvement of
management is likely to lead to improvements in performance.
(b)
(c)
The commitment to prevention of pollution is to ensure organisations use processes
and materials that avoid or reduce the creation of pollution and waste. It is
appropriate to require that organisations make this commitment because this ensures
organisations look for opportunities for effective environmental management, rather
than focusing only on waste treatment.
Organisations must be committed to regulatory compliance. One of the important
principles of the 14001 is that it is not prescriptive. Organisations choose the level
of environmental perfor~ance that is appropriate to their circumstances.
Nevertheless, there must ~e some bottom-lines. Regulatory compliance is the
absolute bottom-line for this standard. The RMA provides the framework in New
Zealand for these bottom lines to be derived in a credible fashion.
Planning
The planning elements require an organisation to identify the environmental aspects
of its activities, anG its regulatory requirements. From the Policy, its environmental
aspects and regulatory requirements, an organisation will set objectives and targets.
These are expressed in an environmental program. The environmental aspects of an
organisation are those activities, products and services that can result in significant
environmental impacts. The organisation need only consider those aspects that it
can control and over which it can be expected to have an influence. A relevant
question is whether the activities of farms and orchards supplying a company
certified as ISO 14001 accredited are "within the control" of the company,
especially where supply conditions are imposed by these companies.
Organisations need to establish a procedure for identifying and recording legal and
other regulatory requirements. These may also include voluntary codes of practice.
Documented objectives and targets need to be developed from the environmental
aspects, the regulatory requirements. business requirements and the views of
interested parties. These need to deliver the commitments in the Environmental
Policy. An environmental program will set out these environmental objectives and
targets with the designated responsibilities and schedules for achieving these. The
concept of environmental programmes in this context for companies has strong
s;milarities to the environmental farm plans being developed in the High Country of
the South Island, the Bay of Plenty, Southland, and other parts of the world,
particularly Ontario.
Implementation and Operation
These elements set out procedural requirements for the day-to-day operation of the
EMS. Roles and responsibilities need to be defined, documented and
communicated. Management must provide the resources that are essential to
implementing and controlling the EMS. Top management must appoint a
management representative who is responsible for ensuring the EMS is maintained,
and reports to management are provided. Organisations must identify training
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needs and ensure all people are appropriately aware of the EMS and their
responsibilities. Organisations must have procedures for both internal and external
communication. Documentation must be maintained to describe the core elements
of the system. Procedures for document control are necessary.
(d)
00 (e)
'l
Operations and activities which are associated with environmental impacts must be
carried out under controlled conditions. These controlled conditions need to be
explicitly described and available to staff as procedures. Organisations also need to
identify potential accident and emergency situations and develop emergency
preparedness and response procedures.
Checking and Corrective Action
Checking and corrective actions need to occur at several different levels.
Organisations require procedures to monitor and measure key characteristics and
activities that can have a significant environmental impact. Organisations will also
need to have a procedure for evaluating compliance. Procedures are also required
to identify and respond to non-conformances. These procedures must cover
corrective and preventive actions. These offer the opportunity for continual
improvement to be achieved. Records are required to be maintained, within a
properly managed document control system. The EMS must be regularly audited.
Audits are required to determine whether or not the EMS conforms to planned
arrangements and to ISO 14001. An audit program is required.
Management Review
The EMS needs to be regularly reviewed to ensure that it continues to be suitable
and effective. The management review needs to address possible changes to policy,
objectives and other elements of the EMS.
acceptable and sustainable. It is this "provided that" principle that is the key to the
applicability of quality assurance approaches such as the EMS model to the RMA.
Reiterating its purpose, the ISO 14001 standard is designed to enable the recognition of an
environmental management system. That is, give validity to the claims that the
environmental outcomes an organisation is influencing are acceptable and sustainable. But
the test is how would this concept work in practice?
Quality Assurance Approach to the Effects of Dairy Shed Effluent on Water
Discharge of any contaminant or waste into water is prohibited under section 15 of the Act
unless the discharge is expressly allowed by a rule of a regional plan, a resource consent or
regulations. Regional councils are specifically responsible for the "control" of discharges
onto land and into water.
In those regions where dairy production is a significant land use, regional councils have
established policies and rules to control the discharge of farm dairy effluent to land and
water. The environmental impact of individual point discharges is highly site specific,
varying according to factors such as effluent volume and the concentration of nutrients, the
effectiveness of the treatment system (if any), the dilution factor in the receiving water,
and the tolerance of the receiving waters to contaminants. Seasonal fluctuations occur in all
of these factors, and the interactions between them are both complex and largely undefined.
Mechanisms used by councils need to account for these variations.
Under s.32 (c) of the Act, the necessity of such policies and rules are clear.
Regional Councils have typically controlled the discharge of farm dairy effluent through
the issue (and subsequent monitoring) of consents, and in some cases (eg land disposal)
have made certain treatment systems permitted activities, subject to conditions.
Compliance with these conditions may also be subject to some form of monitoring. Both
the conditions and the monitoring activities form part of what could be considered a farm
dairy effluent environmental management system.
Quality Assurance and the Resource Management Act 1991
The stated purpose of the Resource Management Act 1991 is to "promote the sustainable
management of natural and physical resources". Sustainable management is defined as
meaning "the use, development and protection of natural and physical resources ........ while
(a) Sustaining the potential of natural and physical resources (excluding minerals) to
meet the reasonably foreseeable needs of future generations; and
(b) Safeguarding the life-supporting capacity of air, water, soil and ecosystems; and
(c) Avoiding, remedying, or mitigating any adverse effects of activities on the
environment" (Resource Management Act, 1991).
The intent of the Act is permissive rather than prescriptive in the sense that the use and
development of resources is permitted providing that the environmental outcomes are .
Under the RMA, there are different types of consent requirements and, subsequently,
different levels of information can be required by the council. Their applicability for use
within the ISO 14001 standard would depend on the individual situation. The different
types of activity classification under the RMA are outlined in Table One.
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(a) subdivision of land
(b) discharges to water from land
(c) discharges to land which may result in that contaminant entering water (e.g. dairy shed
effluent spreading, in some cases)
(d) all discharges to land or to air from industrial or trade premises (which includes housed pigs
and chickens).
IUses of land are not restricted by the Act itself, in general. Exceptions are:
00
00
TYPES OF ACTIVITY CLASSIFICATION UNDER
THE RESOURCE MANAGEMENT ACT
Type of General description Standards and Conditions
Activity terms
Can or must If the council
these be grants the
specified? consent, can it
e.g. minimum or place furtherconditions (as
maximum areas, per s108 of
separation RMA)?distances,
application rates,
etc.
Unregulated activity Activities which have no or minor effects on the Not applicable Not applicable
environment do not require a resource consent, unless
restricted in some way by the Act itself (see 1 below), or
.by a rule in a plan, or by regulations.
Permitted activity No resource consent reqUired, provided that the activity Standards and terms Not applicable
complies with any standards and tenns specified in the (generally referred to
plan. Councils may wish to specify as permitted: as "permitted activity
conditions") may
1. Activities with no or only minor adverse effects on the apply.
environment, which would otherwise be restricted by the
Act but which a council wants to "free Up" (e.g. in a These must be stated
regional plan, taking water for irrigation from certain in the rule.
water bodies).
2. Activities with no or only minor adverse effects on the
environment. which would otherwise be restricted (i.e.
require a consent) because of another rule made by the
council.
Controlled activity Must apply for a resource consent. Standards and terms Council may
may apply. If so. exercise control
The council ffi!:!§! grant the consent, as long as the these must be stated over aspects of aninthe~ individual consent
applicant can demonstrate that the activity will comply (i.e. by requiring
with any standards and terms specified in the plan. The
addttional
applicant must also comply with any addttional
conditions to be
conditions which the council sets.
met).
These matters for
council control must
be stated in the
plan. and addttional
conditions can only
be imposed for
mailers that the
council has retained
control over.
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("Restricted"
dhcretionary)
Discretionary
activity
("Full" discretionary)
Non-complying
activity
Prohibited activity
The applicant has to demonstrate that the activity will
comply with any standards and terms specified in the
rule. The applicant must also comply with any
additional conditions which the council sets.
The council can decide not to grant the consent.
Must apply for a resource consent.
The ;:.pplican. has to demonstrate that the activity will
comply with any standards and terms specified in the
rule. The applicant must also comply with any
additional conditions which the council sets.
The council can decide not to grant the consent.
Must apply for a resource consent.
Council can only grant the consent if it is satisfied that
(a) the adverse effects on the environment will be minor,
or;
(b) granting the consent will not be contrary to the
objectives and policies of the plan.
No consent can be granted for the activity. The only
recourse to the resource user in this case is to request
a plan change, to remove the prohibited activity
classification.
may Oe stated in the
rule, or the couhcil
may choose not to.
Standards and terms
may be stated in the
rule, or the council
may choose not to.
Not applicable
Not applicable
state the matters to
which discretion is
restricted.
These matters for
council discretion
are stated in the
rule. (If not. the
"full" discretionary
category applies;
see below).
Additional
conditions can only
be imposed for
matters to which
the council has
restricted its
discretion.
Council can
exercise broad
discretion on
whether it grants
the consent. and
wtth what
conditions.
Objectives and
policies of relevant
planning documents
(policy statements
andlor plans)
provide guidance
for decision making .
Council can
exercise broad
discretion on
whether tt grants
the consent, and
with what
conditions.
Objectives and
policies of relevant
planning documents
(policy statements
andlor plans)
provide guidance
for decision making.
Not applicable
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Monitoring options include:
With increasing knowledge of performance of a range of systems under various conditions,
it should be possible to progress steadily towards a situation where the majority of farms
have appropriate effluent treatment systems in place. Human factors such as operating
procedures and maintenance may then become the more significant limitation.
Improvements in these factors will require strategies involving greater awareness of
environmental concerns in the farming community as a whole, increased knowledge by
farmers of systems operation and maintenance, and an increased acceptance of
responsibility by individuals for the environmental impact of their activities.
00
\0
Therefore, you can do anything else with land as long as it is not restricted in some
way by a plan (district or regional) or by national regulations.
Uses of fresh water (taking, using damming, diversion or discharges) are restricted
by the Act. Exceptions are:
(a) using water for reasonable domestic use or stock, provided that this does not
have an adverse effect on the environment.
(b) using water for communal purposes for the tangata whenua (and no adverse
effects etc.)
(c) using water for firefighting.
(d) existing uses which are allowed by transitional provisions (including
regulations).
Discharges to air are not restricted by the Act itself, except those from industrial or
trade premises. Therefore, you are able to discharge to air (spray drift, smoke,
odour, etc,) as long as that discharge is not restricted in some way by a plan
(district or regional) or by national regulations.
Notwithstanding the above, section 17 of the Act requires "every person... to
avoid, remedy or mitigate any adverse effect on the environment arising from an
activity carried out by or on behalf of that person, whether or not the activity is in
accordance with a rule in a plan, a resource consent, section 10, section lOA or
section 20 (Le. is allowed as an existing activity or under transitional
provisions).
(i)
(ii)
(iii)
(iv)
(v)
Passive monitoring, where individual point discharges are not monitored on any
pre-determined basis but in response to complaints or other information coming to
the attention of the Regional Council - eg from water quality surveys.
Statistical monitoring, where a sample of individual point discharges or receiving
waters are inspected or sampled primarily to gather information on the effectiveness
of controls.
Periodic site inspection, where all point discharges are inspected to establish the
degree of compliance with existing controls. The methodology may include an
assessment of the treatment system to verify compliance with design and operating
parameters; and/or observation and testing of water and effluent quality.
Continuous monitoring, where effluent and/or receiving waters are sampled at
frequent intervals to demonstrate compliance.
Audit of accredited syst~ms. The design and the operating procedures are
recognized as providing.reasonable assurance that environmental standards will be
met, and periodic audits are undertaken to verify compliance with a documented
and accredited system.
In this context, the effectiveness of a monitoring system is its ability to verify that any
"adverse effects" of individual point discharges of farm dairy effluent are avoided or
mitigated (or possibly remedied), and that at the least these adverse effects are either in
compliance with conditions of a resource consent or with the standards associated with a
permitted activity. Although monitoring activities may help to improve compliance with
existing controls (for example by influencing farmer attitudes and actions), monitoring is
not in itself an effective means of controlling the discharge of farm dairy effluent.
The maintenance of equipment, desludging of ponds, diversion of stormwater, and other
operating procedures result in a time variant performance from effluent treatment systems.
The management and maintenance of the treatment system by the dairy farmer and his or
her staff is critical to satisfactory performance. Avoiding and mitigating "adverse effects"
is therefore dependent on the performance of treatment systems which are in turn
characterized by interactions between a number of factors both human and physical which
are often not well understood, or not easily measured.
Regional Councils are not required to adopt a standardised monitoring system for all
resource users - in fact, the Resource Management Act implies that there will be
differences. Where there are significant differences between operating environments - for
example in more environmentally sensitive catchments, or where there is an established
record of treatment system performance - it may be appropriate to have different controls,
and different monitoring systems. Different systems could apply to different catchments,
particular system types or other groups of resource users provided that the Regional
Council can be reasonably assured that the environmental outcomes are satisfactory for
each group.
Audit of Accredited Systems
This paper focuses on the potential of accreditation and audit systems as a monitoring
method. Based on the ISO 9000 series of standards, they are achieving wide acceptance
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and are currently being implemented in many New Zealand enterprises and industries,
including the dairy industry.
Equivalent or improved levels of quality can be achieved at reduced cost by ensuring that
all procedures (including staff training) are adequate to meet quality requirements, and that
action according to these procedures can be verified. One of the key objectives in this
approach to quality assurance is to ensure that responsibility for quality rests with the
individual carrying out the function - ie the change is as much with attitude as with
procedure or documentation.
When applied to farm dairy effluent quality, these techniques are most likely to effect
improvements in management inputs such as operation and maintenance procedures, rather
than design or equipment related factors. The likely improvements resulting from an
accreditation/QA approach will therefore depend on the effectiveness of the system adopted
(particularly the training element), and the relative importance of operation and
maintenance procedures. .
Milk Quality Assurance Parallel
There are interesting parallels in this regard between effluent treatment and farm dairy
hygiene. While milk supplied from a farm is subject to routine quality testing, it is
recognized that some quality parameters (eg chemical contaminants) cannot be tested
routinely, and dairy companies therefore have in place assessment systems (normally
annual inspections) to provide assurance that maintenance and operating procedures which
relate to milk quality comply with industry standards. Assessments will also result if
quality problems are identified by milk testing. Systems based on these principles have
now been in place for many years and have resulted in New Zealand becoming "well
advanced in the development of quality systems and in milk quality statistics compared to
other international dairy producers". (NZ Dairy Group Annual Report. 1994).
It has been demonstrated, however, that further improvements in quality are possible
through the use of training and accreditation programmes such as the "Achiever
Programme" (MAF Quality Management, 1995). Training 47% of suppliers of one dairy
company resulted in 92% of accredited suppliers achieving "A" classification for sanitation
of milking plant, compared with 62% for the non-accredited (untrained) group. 39% of
suppliers on the Achiever Programme supplied grade free (100% finest grade) milk during
the 1992/93 season, compared with 19% for the balance of suppliers.
The significance of this analogy is that while both groups of farmers had similar basic
plant (milking equipment, buildings etc.), training in quality management resulted in one
group implementing operating systems which have had a significant effect on
performance. This effect had not been achieved over many years of inspection for
compliance with industry standards.
Results from this programme indicate that there is an upper limit to the performance which
can be achieved through inspection of physical plant - if further improvements are required
beyond this point, training in quality management is required for those individuals who
have direct responsibility for environmental outcomes (in the case of effluent discharge,
those who are operating and maintaining the treatment system). It has yet to be established
whether the "further improvements" referred to above will be necessary in order to achieve
an acceptable environmental outcome from the discharge of farm dairy effluent, but the
precedent is clear.
Existing personnel and resources already being applied by dairy companies to milk quality
assessment are being utilised by a"number of Regional Councils to perform consent
monitoring functions. Given that all dairy farms are already being visited and assessed
annually for an existing function (milk quality), the amalgamation of these functions brings
financial savings overall.
Conclusion
For companies in New Zealand, the incentive to establish environmental management
systems, and then seek certification to the 14001 standard is twofold. In addition to the
marketing imperative, regional and district plans under the Resource Management Act 1991
are at various stages of completion. In many cases, they will become final plans at the
same time as the ISO 14001 standard is released. The ISO 14001 Environmental
Management System Standard will be a vehicle that has the potential to provide councils
with the assurances of environmental practices they seek within their RMA functions.
Many of the principles which underpin the ISO 14001 are entirely consistent with those of
the RMA.
Many of the plans currently at submission stage are encouraging the adoption of best
practical options or practices that mitigate or avoid adverse effects on the environment.
Some mention formally developed but non-binding codes of best practice as an acceptable
means. As the compliance status and knowledge of technology improves, experience with
the application of the RMA increases, and environmental planning procedures are reviewed
by Regional Councils, it is likely that controls will become more diverse and sophisticated
in their requirements of users. This is likely to be reflected in differences in factors such
as: consent conditions; classification of activities; and monitoring systems, according to (for
example) past performance; system design type; and sensitivity of receiving waters. The
ISO 14001 standard could provide the framework by which these "best practices" can be
recognised by councils without councils having to prescribe their use. Using this
framework such recognition by councils within an internationally credible standard is more
likely to enhance market access opportunities, while minimising the overall costs of
compliance.
ISO 14001 is intended to set out the minimum framework for an EMS, whilst leaving
details to individual organisations. It does not prescribe what should be in the specific
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environmental Policy - the RMA or market requirements will do that. Neither does it
prescribe how much documentation is required and how often audits need to be carried out
- individual councils and customers will determine that. Organisations whose EMS comply
with these minimum requirements will be able to provide assurance of cost-effective
environmental management to a range of stakeholders. Clearly, there will be other means
of providing environmental assurances in the future. Certification to the ISO 14001
standard will not be the only way ahead, but if recent history (ISO 9000) repeats itself, it
will play an important part. The synergies between methods being proposed to implement
plans under the RMA and the ISO 14001 standard need to be considered by councils and
industry together.
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Abstract
The New Zealand Dairy Industry is one of New Zealand's largest industries. An efficient dairy
industry has the potential to significantly contribute to national welfare. The efficiency of the
dairy processing and marketing sector is difficult to determine given the ownership structure.
This study uses financial ratio analysis to compare the performance of the NZ Dairy Board with
Nestle. It also presents results obtained from Economic Value Added analysis (EVA) which
extends the 1994 work of Ireland Wallace.
I This paper reports dissertation research completed as part of Darryl Sullivan's Master
of Management Studies degree.
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The New Zealand Dairy Board: What is the Value Added?
I; Introduction
The structure of an industry has long been recognised as one important factor determining its
level of performance (Scherer, 1980). The debate about the New Zealand dairy industry structure
has been ongoing for more than 100 years. This paper seeks to contribute to this debate by
analysing the performance of the New Zealand Dairy Board (NZDB) using financial ratios and
economic value added analysis.
Early in New Zealand's economic development milk in excess of personal domestic
requirements was manufactured into butter and cheese for sale to neighbours or the local store.
Soon it became clear to local farmers that supply was consistently greater than they required. This
led to the establishment of farmer co-operatives and proprietary firms. Initially there was little
conflict between the two differing firm structures. However, as the dairy industry expanded and
export trade became a reality in the late 1800's, "a pattern of conflict between co-operative and
propriety interests emerged", based primarily around obtaining supplies of milk (Ward, 1975,
p. ix).
In 1923 the Government proposed legislation to create a single control body to export New
Zealand dairy produce. The opposition was vigorous and came from both co-operative and
propriety interests. Many felt it would disrupt the existing arrangements with the Tooley Street
traders, the traditional agents for many dairy companies. The Dairy-produce Export Control Act
1923 was subsequently passed into law and allowed for the creation of the New Zealand Dairy
Control Board (NZDCB)2. The board took steps which advanced the industry substantiallyJ,
however the effects of volatile markets and a lack of industry support saw the abolition of
complete control in 1927. The less regulated approach continued until the outbreak of World
War II in 1939. The UK government became the sole purchaser of imported foodstuffs; a
significant break from the past where propriety interests were involved. At the same time, in New
Zealand, the State Marketing Department became the authority responsible for the shipment of
all products required by the UK.
With the War over the semi-autonomous Dairy Products Marketing Commission (DPMC) was
set up in 1947. The DPMC had representation from both the dairy industry and the New Zealand
government. The DPMC had complete control over all aspects of dairy export marketing. Until
1952, this primarily consisted of negotiating the bulk purchase agreements with the UK
government. With the establishment of the DPMC, the New Zealand dairy industry entered a
period of partnership control with the Dairy Board. The Dairy Board focused on the production
aspects of the industry, while the DPMC controlled the marketing.
2 Renamed the New Zeland Dairy Board in 1935.
J for example. the branding in the UK of "Anchor" butter and apparently negotiating substantial freight
saVIngs.
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In 1961 the Dairy Board and the Dairy Products Marketing Commission merged to form the new
New Zealand Dairy Production and Marketing Board.4 The amalgamation in 1961 of these two
bodies was a reaction to complaints from inside the industry. It was felt that the world leadership
gained by the New Zealand dairy industry could only be consolidated by the amalgamation of
these two separate entities. The shift to complete market control was not met with the same
underlying conflict which existed with the earlier attempt at industry consolidation.
The industry structure has been relatively stable since that time despite updates to the legislation,
expanded operations, numerous reports and changing political and economic circumstances.
2: Financial Analysis
Financial analysis, using ratios, is a technique often used to allow a clear illumination of a firm's
strengths and weaknesses (Davey and Vos, 1988, p. 93). Income statements and balance sheets
only go so far in highlighting any potential financial problem. Analysis with ratios takes the
process a step further, and clearly points out any impending difficulties. Financial analysis also
allows for inter-company comparisons between two firms in the same industry. To this end,
financial information has been obtained on the foreign company Nestle, to allow comparisons
with the NZDB. \
Financial ratios are an important tool in the analysis of a company, however, it is important that
the limitations of these techniques are understood at the outset. Ratios are an effective way of
identifying if a problem exists yet they may be unable to define the root cause of the difficulties.
The trend in ratios may point to a certain cause, however this may only prove to be a symptom,
rather than the actual underlying problem. Also financial analysis, when comparing between
companies, is highly sensitive to the underlying accounting treatment used. This is particularly
the case when a comparison is across countries. Therefore, ratios should not be seen as the end
in themselves, but a useful first step toward a more detailed analysis of a company.
The layout of part 2 of the paper is as follows. The first section will briefly discuss why Nestle
is considered a comparable investor owned firm to the co-operative structure maintained by the
NZDB. The next section will present the types of financial ratios used in typical company
analysis. However the co-operative structure and bundled payout of the board, presents
considerable difficulty in utilising many of the traditional measures, the impact of which will also
be discussed in this section. Finally, a number of ratios which allow for a valid comparison
between Nestle and the board will be generated.
2.1 Why Nestle S.A. ?
Nestle S.A. is a Swiss multinational and is one of the largest food marketing companies in the
world. Total world wide sales in 1990 were SWF46369m (Nestle, 1990, p. 3). While a large and
diversified company, a considerable amount of Nestle's income is still generated from milk based
'The New Zealand Dairy Production and Marketing Board (NZDPMB) was renamed the New
Zealand Dairy Board in 1966.
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products, and a quick glance into their history shows the importance placed on milk by the
company.
The origins of Nestle S.A. can be traced to the Swiss town of Vevey in the early 1860's. At that
time Henri Nestle was appalled by the poverty of the masses and invented a product which he
felt would alleviate the hunger he saw (Heer, 1991, p. 32). This new product was a child formula
calledfarine lactee and was based largely on cows' milk. The demand for the product soon grew
with markets set up as far afield as England by the 1870's.
Time has shown that Nestle have shifted away from a complete reliance on milk products.
However it is still possible to use Nestle to compare the two ownership structures: the investor
owned firm and the NZDB. With both companies initially producing milk based products, they
started business in the same industry. However given the differente lengths of time each firm has
been in business the data and results should be considered carefully.
The only advantage gained by Nestle from its age is size. If a comparison was made between the
NZDB and Nestle in absolute dollar values this would be a significant problem. However the use
of financial ratios limits this potential distortion. Ratio analysis removes the inherent problems
of dealing with financial series which are given in 'levels', or absolute values. Financial ratios are
able to remove the effects of differences in variables, such as size, to allow for a direct
comparison between two firms.
With increased size, it is expected that some gains will accrue to Nestle in the form of eCllnomies
of scale. Financial ratios are relatively robust at dealing with such gains. Size may lead to
considerable economies of scale in absolute terms yet when analysed in the form of a ratio this
may translate into a relatively minor discrepancy. For example, economies of scale could result
in savings of 5% of sales in absolute terms, but in the form of a financial ratio this may only
translate into a difference of 0.1 or 0.2%. Thus a significant advantage of ratios is their ability
to limit the impact of factors which could potentially prevent a comparison between two firms.
The fact that Nestle has evolved through time and diversified away from milk products does not
preclude its use for comparison with the board. The NZDB could follow such a diversification
strategy, if it were not constrained, by co-operative principles, to take all farmers' milk supplies,
and thus limit itself to predominately milk-based products. A rational assessment of production
decisions based on relative returns for various product classes may suggest a diversification
strategy should be followed more vigorously by the board. It should be noted at this point that
Nestle still derives considerable amounts of income from milk and milk-based products.
While there are other minor differences between the operation of Nestle and the NZDB the major
difference appears to be in the ownership structure. This implies comparing the performance of
the two entities will largely result in a comparison of the relative benefits of the two differing
forms of ownership.
2.2 Financial Analysis
Financial analysis is the process of taking accounting and other available data and organising
them into a form which allows the user to see clearly the strengths and weaknesses of a firm
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(Davey and Vos, 1988, pp. 104-105). A framework developed at DuPont and replicated by Davey
and Vos (1988) offers an insight into the potential ratios and measures available to the analyst.
While not exhaustive, the model offers a simple and workable technique to undertake financial
analysis. The DuPont model can be seen in Figure 1.
Figure 1: DuPont Model of Financial Analysis
The impact of maintaining a co-operative structure, where returns for on and off farm
investments are bundled, as is the case for the NZDB, creates significant difficulties in attempting
such financial analysis. In bundling, the returns or profits from all activities are pooled, and then
paid out on the basis of patronage, or product supplied. The impact of such bundling will be to
significantly increase the cost of goods sold in the income statement of the board. The net result
of the inclusion of all payments, whether for product, or as a 'dividend' for off-farm investments,
in the cost of goods sold, renders all subsequent "profit" measures invalid and thus also the ratios
which flow from them.
The preceding discussion suggests that net profit, in the usual meaning of the word, cannot be
found for the NZDB. Accordingly, it is impossible for investors, namely farmers, to know with
any degree of certainty what returns their investment in the board is generating, compared to
those available with other investment vehicles. It appears' the investors in the board, and
furthermore the processing co-operatives, have to take the word of officials in each of the
organisations that they are in fact Inaking a profit, and have no way of independent confirmation.
The DuPont model is set up to allow the layperson to enter numbers in the right place and
sequentially follow the process through to its conclusion with the retum on net worth. This model
was developed with the final user at DuPont in mind who feel that the return on net worth is the
most important measure. Therefore many of the traditional measures calculated in financial
analysis have not been included. Of most importance to an investor is the risk adjusted return on
equity. Return on equity calculates the return to investors on their capital placed in the firm. The
purpose of including the DuPont model is to illustrate the relative ease with which ratios can be
used to highlight trends developing within a company and the inter-relationships between all
areas of a firm when looking at their relative financial position. The model will not be used for
the financial analysis of the NZDB.
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The recent report by the Boston Consulting Group (BCG, 1994, p. 13) under the direction of the
board also highlights this point. BCG suggest that the payout measure the NZDB uses to gauge
its overall performance is inadequate at providing investors with a complete indication of the
board's position. BCG also point out the lack of importance placed on the return on investment
variables relative to volume measures is an area which requires the immediate attention of the
board.
Net Profit
Net Worth
Where: COGS
C Assets
Source: Davey & Vas, 1988, p. 105.
= Cost of Goods Sold
= Current Assets
The lack of profit data for the NZDB, and the New Zealand dairy industry in general, exacerbates
the potential for a principal-agent problem. One of the simple monitoring techniques which
investors use to obtain the compliance of the agent (management) is through the use of profit
figures and being able to compare these to comparable firms in the same industry. Finlayson
(1993, p. 50) describes this as the 'discipline of the capital markets'.
With profit figures 'unavailable', farmers (investors) are constrained in the monitoring options
available to them. This implies that an inefficient level of monitoring will take place. From
microeconomic theory the implication of a lack of monitoring, as is the case here, is that the
management of the board will not necessarily act in the best interest of the farmers, but in ways
which generate utility to themselves. These activities are potentially different from what would
generate utility to the investor. .
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Figure 2: Cost of Goods Sold as a Percentage of Sales: NZDB vs. Nestle 1969·1990
to what proportion of revenue is used to purchase these raw products. A graph plotting the
relative cost of goods sold as a percentage of sales can be seen in Figure 2.
The problem of valuing equity compounds the lack of profit data described above. There is
currently no formal recognition of the investment held by each farmer in the board or the
processing co-operatives. While this is changing slowly, under the Dairy Board Amendment Act
1993, the NZr:iB still view the issuing of individual 'share' certificates to farmers as undesirable.
Thus, the major variable which investors require to measure the performance of their investment
is impossible to calculate, even if profit figures were available. Clearly this measure is return on
equity. Without a return on equity measure investors are unable to compare the relative efficiency
of their investments with other firms or investment options.
To see what impact the lack of profit and equity figures has on the financial analysis of the
NZDB, Table I shows several ratios, which can be calculated to measure the profitability and the
financial well-being of a firm and are invalid for the board.
Table 1: Impact of Lack of Profitability and Equity Data on Ratios
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SOllree: Davey & Vas, pp. 93-121.
The impact of the lack of profitability and equity data on the traditional measures of financial
analysis is considerable. Calculating the absolute and relative profitability of the board is nigh
on impossible. Calculation of the financial structure ratios is made difficult by the lack of a
market valuation for equity. This must also bring into question the critics of restructuring who
claim that the current organisation of the NZDB and the processing co-operatives are profitable.
While ultimately it may prove that officials are correct in saying the board is profitable, on all
the currently available information it is an empty statement, as it is impossible to prove.
2.3 Other Financial Comparisons
SOllree: NZDB, 1969-1990; Nestle, 1969-1990.
Clearly from Figure 2 it can be seen that the NZDB has consistently paid more for its raw product
than Nestle S.A. and have also faced greate~ volatility. The average cost of goods sold as a
percentage of sales can be seen in Table 2.
Table 2: Average Cost of Goods Sold as a Percentage of Sales (1969-90)While it was argued the lack of profit and financial data from the board made the use of several
measures of financial performance invalid, there remains a number of ratios which can be
calculated and used for a comparison with Nestle. Four measures chosen for comparison between
the two companies were the cost of goods sold as percentage of sales ratio, the annual sales
growth, the debt to assets ratio, and the current ratio.
COGS- % Sales (Ave)
Nestle S.A.
63.48
NZDB
91.07
2.3.1 Cost of Goods Sold as a Percentage ofSales
Companies must expend funds to purchase raw materials from which they add value and resell
in the hope of making a profit. The ratio cost of goods sold as a percentage of sales gives a guide
6
The amount that it costs the NZDB to purchase its raw product is approximately 27% of sales
greater than the same cost to Nestle. There are two ways to inte~ret these statistics. First Nestle
is able to add more value to the raw product when it is resold. This implies for a given level of
cost of goods sold, Nestle is, able to generate a higher level of sales than the NZDB.
Alternatively, for a given level of sales, the cost of inputs for the NZDB are more than similar
costs to Nestle.
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Table 3: Capital Intensity: NZDB vs.Nestle: Selected YearsThe payout to co-operatives, which is equivalent to the cost of goods sold to the board, is made
up of two parts. First, is the retum for the raw milk product. Secondly, there is included what is
typically considered the dividend returns of an investor owned firm. By bundling the two returns
it is expected that the cost of goods sold by the NZDB must be higher than that of a comparable
investor owned firm.
NZDB
Nestle
1989
2.80
3.28
1990 1992
3.28 1.96
3.31 1.91
The cost of goods sold to the NZDB is 27% of sales higher than that of Nestle. Assuming that
the cost of the raw product for both companies is the same, for the board to be as efficient at
adding value as Nestle, implies the dividend component of the payout must be at least equal to
the net difference in the gross cost of goods sold; that is the 27% found in Table 2. Anything less
than 27%, suggests that the NZDB is relatively inefficient at adding value, compared to Nestle.
An example may help highlight this point. For every dollar of Nestle sales the cost of goods sold
approximates $0.64. The difference between the net sales figure and the cost of goods sold must
be by definition the value added by Nestle to the raw product; in this case the value added is
$0.36. Using the same analysis for the NZDB, the cost of goods sold is $0.91, and the value
added is $0.09 for every dollar of sales. The bundling of returns by the board implies that the
returns for capital invested by farmers in the board are included in the cost of goods sold.
Therefore for the board to be as efficient at adding value to the raw product as Nestle, the
dividend component of the payout must average the difference in the cost of goods sold of the
two firms; that is, $0.36-$0.09=$0.27, or 27%.5
The obvious question raised in the analysis is whether the dividend component of the milkfat
payout can average 27% in the long run. If the board was unable to sustain the dividend
\0 component at 27% then it implies that it is relatively inefficient at adding value compared to the
(j'\ Nestle. Part 3 of the paper will attempt to estimate whether the dividend component of the
milkfat payout has met the required levels over the years 1989 to 1993, for the NZDB to be as
efficient at adding value as Nestle.
For a comparison of gross margins between the NZDB and Nestle, as undertaken above, requires
that the capital intensity of each firm be similar. There are two techniques available to firms in
the pursuit of profits. The first is to obtain a high margin but make few sales. The alternative is
to have a high turnover coupled with a low margin. Therefore there exists an inverse relationship
between the margin and the turnover of a firm. Capital intensity is a measure of the turnover of
a firm. To allow for the comparison of the margins alone requires that the board and Nestle have
a similar level of capital intensity. The relative capital intensity for Nestle and the NZDB for
selected years can be found in Table 3.6
'This assumes that the cost of goods sold do not include investment funds.
'Only selected years are included due to a lack of data.
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Source: NZDB, 1989-1990, 1992; Nestle, 1989-1990, 1992.
The capital intensity, or turnover, of the NZDB relative to Nestle is similar over the years
considered. Therefore with turnover similar, it is possible to directly compare the relative
margins of the NZDB and Nestle. An assumption was made that the capital intensity for the two
firms was the same in each year under review. The implication is that a comparison of the margin
generated by the board, and the resulting dividend component of 27%, is valid.
New Zealand, it has been argued, has the most efficient dairy farming sector in the world
(Dobson, 1990, p. 543). In the above figures no allowance has been made for New Zealand being
such an efficient milk producer. This implies that the milk purchased by the board is likely to be
cheaper than what it costs its rivals. Accordingly, the estimate for the required dividend
component is in fact likdy to :Je greater than that found above, implying the potential for greater
inefficiencies. However the impact of increased distribution costs must also be considered. New
Zealand's proximity to the board's markets may negate some of these gains.
If the dividend component is as significant as suggested then the impact of the bundled return on
farmers will be considerable. A rational response by farmers to increasing price signals for their
raw product will be to increase output. Assuming that the NZDB is at the profit maximising
point, the increased output must be sold at a marginal loss. This will be further increased if the
board is beyond the profit maximising point initially. Even if the dividend is found to be
substantially less than the 27% required for the board to be as efficient at adding value as Nestle,
the general effect on farm production will be the same. This suggests that the bundling of the
dividend component and the payment for raw product by the board has historically led to over
production of milk in New Zealand.
2.3.2 Annual Sales Growth
The annual nominal sales growth for Nestle and the NZDB can be seen in Figure 3.
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Figure 3: Sales Growth: NZDB vs. Nestle: 1969-90 Figure 4: Real Sales Growth: NZDB vs. Nestle: 1971-1990
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Source: NZDB, 1969-1990; Nestle, 1969-1990.
The above graph shows that nominal sales growth for both companies has fluctuated significantly
over the period 1969 to 1990. However it appears that Nestle has had more slow, sustained
growth, while the board has faced periods of rapid growth, followed by a time of low, or negative
sales growth,
The sales reported in the above analysis are nominal for both Nestle and the NZDB. Inflation will
severely undermine the growth in sales for both companies. New Zealand experienced
considerable inflation during the 1970's and early 1980's, which implies for real growth to occur,
sales must be increasing at a rate which is greater than these price increases.
To see the relative effects of inflation, the real growth rate in sales for both Nestle and the board
were analysed. Inflation rates for both countries were generated using International Financial
Statistics for each of the required years. The real rate of sales growth can be seen in Figure 4.
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Source: NZDB, 1970-1990; Nestle, 1970-1990;
International Monetary Fund 1970-1991.
By comparing Figures 3 and 4 it appears the impact of inflation has had a considerable impact
on the sales growth of both firms. However it appears that the effect of inflation has been greater
on the NZDB than Nestle. When inflation is taken into account, the volatility of the sales growth
of the board seems to increase. Also it appears that the two series seem to get closer together. The
tendency for the series to get closer suggests that a significant portion of the nominal sales
growth of the board can be explained by inflation,
2.3.3 Current Ratio
The current ratio measures the ability of a firm to cover their short term liabilities, The ratio is
calculated as current assets divided by current liabilities, Accordingly, a ratio around I implies
that for every dollar of current liabilities the firm has one dollar of current assets available to pay
them off. While a ratio less than I implies that the firm has more current liabilities than current
assets. A time series graph of the current ratio can be seen below.
II
Figure 5: Current Ratio: NZDB vs. Nestle: 1969·90
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The low interest credit offered by the Reserve Bank to the NZDB may have led to the early trend
in the current ratio seen in Figure 5, A lower cost of credit would have given the board an
implicit subsidy and increased the incentive for them to take on greater levels of both short and
long term debt.
2.3.4 Debt to Assets Ratio
A co-operative structure may be capital constrained and be forced to take on higher levels of
debt, than a comparable investor owned firm, Analysis of the debt to assets ratio can be used to
see whether the co-operative structure of the board has led to its taking on highef'ievels of debt
relative to Nestle. Comparisons of the debt to assets ratio of the NZDB and Nestle can be seen
in Figure 6.
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Figure 6: Debt to Assets Ratio: NZDB vs. Nestle: 1969·90
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DateFrom the above graph, it appears that the NZDB would have been unable to cover its short term
liabilities if they had been called for during the 1970's and early 1980's, with their current assets.
It is dangerous for a firm to maintain such low levels over such a long period of time, with the
current ratio, as this increases the potential for insolvency.
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An advantage for the board in the area of short term liabilities is in that what would normally be
considered creditors for other firms are farmers for the board. This implies that to a degree many
of these current liabilities could be considered "optional" as the board can vary the payment to
suppliers as it sees fit. Clearly this reduces the likelihood of insolvency for the NZDB and allows
them to maintain a lower current ratio, however the impact of potential non-payment to creditors
(farmers) would be substantial.
Towards the end of the period, the current ratio of the NZDB became far more volatile. This
could be explained, to a degree, by the relatively rapid changes in stock and debtor levels held
by the board. Also, after 1984, many of the guarantees which the government had traditionally
offered the NZDB were removed; for example, the long term low interest loan offered by the
Reserve Bank. To function in the new business environment which the board found itself,
required a rapid evolution, with this relatively high current ratio potentially symptomatic of the
changing focus of the board.
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Analysis of the ratios suggest that the NZDB has considerably higher levels of debt than the
investor owned structure of Nestle over most of the period. During the 1970's and early 1980's,
the bulk of the assets held by the board were funded through debt, with in some cases the level
of debt being greater than total !lssets.
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The amount of debt held in the board has only recently approached the level found in Nestle. It
is unclear whether this trend will continue into the future. However it appears there is evidenc~
to support the hypothesis that the board has taken on higher levels of debt than a typical investor
owned firm.
This conclusion must be viewed in the context of the subsidised loan offered to the board by the
Reserve Bank. The NZDB would have been acting rationally in holding higher levels of debt in
the face of this cheap credit. However, even with this in mind, questions must be raised about the
distortions created by the borrowing of the board, and also about the low levels of equity found
for much of the period under review. It is higWy unlikely that any other firm would have been
able to continue operation with such high levels of debt even with such relatively cheap credit
available.
2.4 Summary
Financial analysis is a useful technique for measuring the relative strengths and weaknesses of
a company. However such analysis is very difficult when looking at the NZDB. Any ratio which
requires the use of profit or equity figures in its calculation is invalid, due to the pooling of
returns. Therefore, investors are unable to see how well their investment is doing compared to
other firms in the same industry, or relative to other investment options. This suggests that New
Zealand farmers are unable to obtain independent financial confirmation of the profitability of
the industry and will compound potential principal-agent problems in the board.
Analysis of the cost of goods sold as a percentage of sales suggest the NZDB spends a far higher
proportion of its income on raw product than Nestle. Given both firms operate with a similar
level of capital intensity, the net difference between the two firms gross margin is 27%. The
implication of this is that unless the dividend component of the payout made by the board is
equal to, or greater than 27%, the NZDB will be relatively inefficient at adding value to the raw
milk input. Part 3 of the paper will attempt to measure the dividend component of the milkfat
payout, for the years 1989 to 1993, to see if the board has been able achieve the level required
for it to be as efficient at adding value as Nestle.
Annual sales growth for both Nestle and the NZDB show considerable growth during the period
under review. However the growth in sales of the board was far more volatile. This may reflect
the high proportion of sales generated by commodity trading. Real sales growth was also
analysed. It appears that effect of inflation has been felt by both firms, however it appears the
affect on the board's sales growth has been impacted upon by inflation more than Nestle.
The current ratio is a measure of solvency and it is desirable for it to be at least one. The NZDB's
current ratio was well below one during the 1970's and early 1980's. To a degree this would have
reflected the government guarantee which the industry had during this time. Removal of this
guarantee has led to a rapid increase in current assets and a healthier position with this measure.
It is important to note however that a large proportion of this increase has been held in stocks and
debtors which are relatively difficult to liquefy in the short run.
The debt to assets ratio suggests that a large proportion of the board's assets have been funded
by debt. In some years debt was in excess of 100% of assets. While in later periods the level of
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debt was consistent with that found in Nestle, it is too early to tell whether this will continue in
the future. A comparison of the NZDB and Nestle gives evidence that the board has historically
maintained higher levels of debt than a comparative investor owned firm.
Ratios are a strong measure of the financial well-being of a firm. Yet the use of ratios in financial
analysis does have limitations. They should be seen as illuminating the current situation and
offering a new perspective to the current debate about the structure of the New Zealand dairy
industry.
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3: An Estimate of the Dividend Component of the Milkfat Payout
It is important to estimate the dividend component of milkfat payout as it is an important
performance indicator.
The annual milkfat payout made by the NZDB can be broken into two parts. First, the payment
for the raw product; as with any business enterprise, the board must purchase the basic
commodity to on-sell. The second part of the payment is what could be considered the dividend
component of the return to farmers for their investment in off-farm assets.
The traditional investor owned firm allows for the appropriation of profits in the form of
dividends. These payments are kept separate from any other flows which result from the
operations of the firm. However, the NZDB takes the form of a co-operative, which makes all
payments to suppliers and investors on the basis of patronage. The bundling of the different
returns to the supplier results in the dividend compor,ent of the payout becoming
indistinguishable from the return to supplying milk alone.
This part of the paper will report the results of attempting to measure the size of the dividend
component relative to the per kilogram milkfat payout of the board for 1989 to 1993. The first
section will give a brief introduction to the methodology used to derive the estimate of the yearly
dividend component. The description of the methodology will not be exhaustive and will be built
upon in more detail in later sections. The next section is broken into several sub-sections, each
of which will lead to the development of the finai dividend component estimate. Empirical
evidence will be presented and where required additional information on the methodology given.
Finally the estimated dividend component will be compared to the value calculated earlier in the
paper to see if the NZDB is as efficient at adding value as an investor owned firm, namely Nestle.
3.1 Methodology
considering share market values ... [while] avoid[ing] the subjectivity associated with accounting
based methods" (p. 8). This is a considerable advantage in using this technique over potential
rivals. '
3.2 Estimation ofDividends
In order to achieve the desired result of valuing the dividend component of the milkfat payout,
a number of intermediate steps must first be accomplished. Each step will make up a sub-section
which follows. The first step is the calculation of a cost of capital for the board. Second, it is
necessary to obtain the operating profit in each year for the NZDB. Next an estimation of the
economic capital utilised by the board in its normal activities is required. Finally all the above
information is brought together to obtain an estimate of the dividend component paid out by the
NZDB for the years 1989 to 1993.
3.2.1 Cost of Capital
The cost of capital is a measure of the opportunity cost to an investor of investing capital in other
ventures with equivalent risk. An alternative definition is that it is an investor's required rate of
return. To maintain their investment in a particular venture, it is necessary that returns at least
equal this rate. If returns are lower than the weighted average cost of capital (WACC) then it is
possible for investors to obtain better returns through investing in an alternative investment
opportunities.
The traditional technique used to calculate the WACC takes the relative cost and proportions of
equity and debt facing a firm and finds an average value. Mathematically the WACC is calculated
as: (Ross, Jaffe and Westerfield, 1993, p. 463).
WACC = ltd *(1- T.) *D / A + R, * E / A
To estimate the dividend component of the milkfat payout the n,ethodology developed by Ireland
Wallace & Associates (1994)7 will be used. This report will replicate the Ireland Wallace study
which looked at the returns for 1992, extending them to cover the years 1989 to 1993 inclusive.
By extending the study to cover a number of years, it is hoped that it will be possible to see how
the dividend component of the payout varies though time. Like the Ireland Wallace study only
information from publicly available sources is used. The information is derived from the relevant
years Annual Report published by the NZDB.
Where: Rd
Td
D
E
A
Re
Cost of Debt
Marginal Investor Tax Rate
Market Value of Debt
Market Value of Equity
Aggregate Asset or Market Value
Cost of Equity
The Ireland Wallace study developed its methodology from an economic value added (EVA)
framework. EVA suggests that the principal determinants of value to a firm come from the
capital employed, the expected operating returns, and the level of business risk. Furthermore, the
expected returns on the capital employed by a firm are encapsulated in the forecast future
cashflows, with all risk associated with those flows reflected in the cost of capital. Ireland
Wallace suggest that the EVA framework results in a "high degree of explanatory power when
However utilising an assumption from the Ireland Wallace study simplifies the equation
considerably. Ireland Wallace consider that with the dividend imputation scheme that exists in
New Zealand, the WACC is largely independent of leverage, therefore approximating the cost
of equity of an unleveraged firm (p. 10). This results in:
R u = R, *(1 - T.) + B u *[MRP ]
'This report will be referred to as the Ireland Wallace study from this point ~n.
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Where: Ru
Rf
Bu
Unleveraged Cost of Equity
Risk free rate
Unleveraged Asset Beta
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MRP Post Investor Tax Market Risk Premium
The development of this relationship allows for an estimation of the board's cost of capital.
However the model is highly dependent on the value taken for each parameter, therefore the
estimate of each variable is discussed below.
The long term New Zealand government bond rate was taken as the risk free rate. This long term
rate was selected to represent the value of continuing risk free cash flows beyond the 3 to 5 year
forecast horizon. Long term government stock is the closest to a risk free asset that can be found
in New Zealand.
The marginal tax rate on debt was taken to be 33%, which is the highest marginal rate in New
Zealand at present. In 1989 the marginal tax rate was 28%.
The selection of an asset beta was more problematic. As there is no formal shareholding, nor the
ability to trade in NZDB shares, it is impossible to obtain an asset beta from traditional
techniques, such as the capital asset pricing model. To overcome this problem a comparison with
other major international firms in the same industry was undertaken. Ireland Wallace used the
market estimates of asset betas and a review of the risk characteristics of similar businesses
intemationally.8 The analysis, which is reproduced below, led Ireland Wallace to the assumption,
that the asset beta was 0.7.
Table 4: Comparable Beta's to the NZDB (1992)
closer to 13%,9 an assumed premium of 9% appears realistic. The risk premium has been
assumed constant at 9% for all years. Therefore, Table 5 summarises the data used to calculate
a cost of capital of the NZDB, using the second formula above, through years 1989 to 1?93.
Table 5: Weighted Average Cost of Capital
1989 1990 1991 1992 1993
Rf 13.2% 12.3% 12% 8.9% 6.2%
Tax 28% 33% 33% 33% 33%
Bu 0.7 0.7 0.7 0.7 0.1
MRP 9% 9% 9% 9% 9%
WACC 15.80% 14.54% 14.34% 12.26% 10.45%
From Table 5 it can be seen that the WACC for the NZDB has been falling through time, largely
on the back of a falling risk free rate. This implies that investors in 1993 required less return on
their investment, than 1989, as the opportunity cost of their investment has fallen, largely as a
result of a lower inflation rate. The WACC calculated above is the nominal cost of capital to the
firm. It is unnecessary to convert this rate to a real figure as all cashflows used in the subsequent
analysis are nominal.
3.2.2 Operating Profit
joooool I Company (Class)
ojoooool
Food Distribution
Nestle
BSN Groupe
Bloomberg Equity Beta Stern Stewart & Co. Asset
Beta
0.7
0.95
0.69
The second step in obtaining an estimate for the dividend component of the milkfat payout is to
calculate the operating profit whieh the board obtained in each of the years under review. Once
the profit has been obtained it is possible to compare the actual profits with those required to
obtain the WACe. Pre-financing operating profit is defined as the operating profit of the board,
after depreciation, but before goodwill amortisation and net interest and lease expenses.
Source: Ireland Wallace. p. 12.
Based upon the above information a value of 0.7 appears to be a fair representation of the
business risk of the NZDB. While the above figures represent 1992 only, an asset beta of 0.7 has
been assumed for all years under analysis.
The final variable of significance becomes the market risk premium. Ireland Wallace estimated
this variable at 9%, which they feel reflects the premium traditionally found in the New Zealand
equity market. With the suggested long run average real return from the equities market being
'The risk assessment was derived from The Stern Stewart & Co. Performallce 1000.
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Ireland Wallace suggest "the profit [should be] the pre-tax return that would have been achieved
had the [board] carried no debt (and or cash reserves) and owned rather than leased or rented all
assets" (p. 16).
As with the Ireland Wallace study, no account has been made for research and development
expenditure. Also, milkfat payments have been treated as an operating expense rather than an
appropriation, as typically considered by the industry. Every attempt has been made to exclude
non-operating income, and the assets which generated such income. All extraordinary items have
been removed from the NZDB's income statement. However the returns from subsidiaries and
minority shareholdings held by the board have been included. Table 6 details the estimate of the
pre-financing profit for the NZDB.
'Personal contact: Dr Ed'Vos, University ofWaikato.
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Table 6: Operating Profit
1989 1990 1991 1992 1993
Revenue 3984 4645 4338 5218 5054
Direct Cost 2059 2514 2907 3053 2763
Payout 1650 1910 1266 1888 2102
Pre-Fin.1t 275 221 165 277 189
Lease 92 152 188 114 79
Goodwill 18 18 23 20 19
Op1t 165 51 (46) 143 91
Tax (35) (9) (3) 63 59
Assoc. I (8) (21) (13) (15) (18)
Minority 4 7 7 9 8
Extra 0 0 0 10 0
To 126 28 (55) 96 42
Reserves
o
Table 7: Economic Capital
1989 1990 1991 1992 1993
SIH Funds 1396 1383 1324 1430 1459
+ Amort 32 50 73 93 112
- Reval (103) (56) (47) (20) (21)
+ Tax 18 13 4 18 10
AdjSIH 1331 1390 1354 1521 1560
Funds
Minorities 29 34 42 48 51
Net debt 1286 1698 1214 1107 1254
K lease 87 96 111 186 204
obis
Gross Eco 2743 3216 2765 2862 3069
K
- Non-op K 675 559 459 425 419
OpK 1872 2594 2262 2437 2650
Where: Assoc. I refers to associated investments.
~
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3.2.3 Economic Capital
The next step in obtaining the estimate of the dividend component is to calculate the economic
capital utilised in each year under analysis. Economic capital is that which is used by the firm to
generate operating profits. In the case of the NZDB, economic capital has been defined as the
sum of the following:
* Adjusted Shareholders' Funds
* Minority Interests
* Net Debt at Book Value
* Lease/Rent Expense Capitalised at the risk free rate pit's 1%
Adjusted shareholders' funds were found through the following adjustments:
* Book Value of Funds at Balance Date
* plus Accumulated GoodwilllIntangible Amortisation since 1988
* less Balance of Revaluation Reserve
* plus Deferred Tax Provision at Balance Date
The estimated economic capital for the NZDB can be found in Table 7.
20
3.2.4 Dividend Component
It is now possible to bring together Tables 6 and 7 and obtain an estimate for the dividend
component of the milkfat payout. As stated by Ireland Wallace, applying the WACC calculated
in section 5.2.1, to the operating capital employed from Table 5.4, provides an estimate of the
average post-tax pre-financing operating return required to sustain the value of capital in the
NZDB. Alternatively, this is the return required by investors to keep their funds in this particular
investment, for a given level of risk. The post-tax figure can then be grossed up to a pre-tax
equivalent, which can be contrasted with the actual pre-financing operating return from Table 6,
the difference is the dividend component of the milkfat payout. Table 8 breaks down the milkfat
payout into its two parts, focusing on the dividend component.
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o3.3 Compared to Nestle
The sensitivity analysis suggests that increasing the unleveraged beta and the market risk
premium independently increases the average dividend component of the board for the years
under analysis. The new average dividend component is still below the figure of approximately
27% which is required for the NZDB to be as efficient at adding value as Nestle.
Analysis in section 3.2.4 suggests that the average dividend component in the milkfat payout was
14.56% over the years 1989 to 1993, which is considerably less than the 27% required for
comparable efficiency with Nestle at adding value. Therefore, it appears the current structure of
the board has retarded the industry, with less innovation and value added than in a comparable
investor owned firm.
Section 2.3.1 found that on average the cost of goods sold of the NZDB are 27% of sales higher
than comparable expenditure for Nestle. It was to be expected that the NZDB would have a
higher percentage of their income spent on cost of goods sold, due to their co-operative structure
which leads to the pooling of returns. However, the implication from section 2.3.1 is that if the
NZDB is to be as efficient in adding value as Nestle, the dividend component of the milkfat
payout must at least average 27%.
+3.67%
+5.71%
Net Change
18.23%
20.27%
New Ave
Dividend
Component
0.9
13%
Changed to
Bu
MRP
Table 9: Sensitivity AnalysisTable 8: Dividend Component of Milkfat Payout
1989 1990 1991 1992 1993
WACC 15.80% 14.54% 14.34% 12.26% 10.45%
OpK 1872 2594 2262 2473 2650
Notional K 296 377 324 299 277
Charge
(post-tax)
Pre Tax 441 562 484 446 414
Charge (A)
Pre-Fi 1t (B) 275 221 165 277 189
Divd 166 341 319 169 225
Comp
(A-B)
DivdlKg 0.535 1.036 0.933 0.466 0.604
Payout/Kg 5.30 5.80 3.70 5.20 5.65
Divd 10.10% 17.86% 25.22% 8.96% 10.68%
Comp %
t--l In summary, it appears that the dividend component of the milkfat payout from the NZDB varies
0 considerably over the period in question, from a high of approximately 25% to a low of 9%. The
CJJ average dividend component payment per year over the period was 14.56%.
3.2.5 Sensitivity Analysis
Like all economic theories, the effectiveness of the EVA methodology is sensitive to the
estimation of the underlying parameters. Therefore the assumptions used in the calculation of the
WACC must be examined. Table 9 summarises the sensitivity analysis for the following two
parameters:
1. Asset beta increasing to 0.9
2. Increasing the risk premium to 13% (the long run average for equities in New Zealand).
Using the $1 of sales example used in part 2 may help explain what the above analysis suggests.
The main points from part 2 are reproduced in Table 10.
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Table 10: Comparison of the Value Added: NZDB vs. Nestle Bibliography
Nestle
NZDB
Net Difference
COGS- % Sales
Value Added
COGS- % Sales
Value Added
Per $ of Sales
$0.64
$0.36
$0.91
$0.09
$0.27
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Section 3.2.4 found that the average dividend component payment by the board was
approximately 15% over the five years 1989 to 1993. In dollar per sale terms this corresponds
to $0.15. This implies that Nestle has been able to add approximately $0.12 ($0.27-$0.15) more
value to each dollar worth of sales than the NZDB.
The inefficiencies found in adding value within the board lead to questions on whether it is
achieving its primary objective of maximising profits to New Zealand farmers. The less value
added to milk, the lower the level of revenue for a given quantity of product, and the lower the
returns to individual farmers. While this research cannot categorically prove that profits to
farmers are lower due to these factors, the logic is persuasive, and theoretically valid. Thus, the
board. with its current structure, could be failing to achieve what is in the best interests of New
Zealand farmers.
Easton, B., "Should the New Zealand Dairy Industry Remain a Statutory
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Monopoly?",
Background and
3.4 Summary
~
~ The milkfat payout of the NZDB can broken into two parts. The first is the return for the raw
product. The second part can be considered the dividend component for the return on off-farm
investments. Analysis suggests that the average value of the dividend component of the payout
between 1989 to 1993 was 14.56%. This is well short of the 27% figure which is required if the
board is to be as efficient at adding value as Nestle. As the ownership structure is the major
difference between the two firms, it appears that the current structure of the NZDB has led to a
lower level of value added, than a comparable investor owned firm in Nestle. Sensitivity analysis
supports this claim.
The dividends paid by Nestle should not be confused with the NZDB's dividend component
calculated in this chapter. The residual claimants of each firms receive their payments at different
stages in the process and are accounted for in different ways. Nestle returns to its residual
claimants from the net profit which is after all operating expenses have been deducted.
Alternatively, the NZDB adds the return for capital invested by farmers to the payment for the
raw product. This implies that the payment can be considered part of cost of goods sold and
occurs before the deduction of other operating expenses. Therefore the dividend from Nestle and
the dividend component calculated in this chapter are different and non-comparable. Any attempt
to compare the two differing returns to the residual claimants would be erroneous.
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Abstract
~
~ Empty core markets appear where there exists no market clearing price resulting in
no competitive equilibrium. There are a number of industries around the world
where it has been argued empty core markets exist. Academics believe that in
these industries there is a need for some balance between co-operation and
competition. Those characteristics found in empty core mdrkets appear to be
consistent with the characteristics found in the New Zealand meat processing
industry. This paper precedes empirical research that will determine whether the
New Zealand meat processing industry exhibits those characteristics consistent with
empty core markets.
Disclaimer
The views expressed in this paper are those of the author and do not necessarily reflect the views of Nimmo-Bell
& Company Ltd. While every effort has been made to ensure the accuracy of information in this paper, no
liability is accepted for errors of fact or opinion, or for any loss or damage resulting from reliance on, or the use
of, the information it contains.
I. Introduction
The New Zealand meat processing industry has exhibited a history of financial
instability over the past decade, with a number of plant closures (Grimes, 1994). A
report by Southpac Corporation (1994) showed that profitability of the industry over
recent years has failed to yield a proper return even on debt capital, let alone equity.
This paper uses a theory developed by Telser (1972) to analyse the lack of
profitability within the industry. The theory, empty core markets, has been used in
international literature to analyse industries which have similar characteristics to the
New Zealand meat industry. These include demand uncertainty, increasing returns,
and capacity restraint.
The paper begins with an overview of the theory of the core and empty core
markets. It identifies those characteristics found in industries where empty core
markets have been found to exist. Following this, the three most prevalent
characteristics used in the literature to define empty core markets are discussed. An
example of empty core markets is provided using the taxi industry as an example,
adding further understanding to the concept.
Section III provides a number of examples of industry's around the world where
empty core markets exist. B6th empirical and anecdotal evidence are included.
Section IV applies the theory to the New Zealand meat industry. Where possible,
empirical data has been collected to determine whether the characteristics
consistent with empty core markets apply to the meat industry.
Preliminary results suggest that the New Zealand meat industry does display those
characteristics consistent with empty core markets. In all cases where academics
have found the existence of empty core markets, they have concluded that there
needs to be some balance between co-operation and competition to avoid cutthroat
competition.
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II. Empty Core Markets
A: Theory of the Core
Standard economic theory tells us that the competitive process gives an efficient
equilibrium. Scarce resources are bartered for through a series of successive
approximations until the price and quantity is agreed upon between a buyer and
seller. As with any barter system, buyers and sellers try to maximise their gain
through exchange.
Buyers and sellers are free to solicit other buyers and sellers to see if they are able
to better their position. The final outcome of trading is one that is not able to be
bettered by any other buyer or seller. This prOcess results in an efficient outcome,
where there are no opportunities for improvement.
The outcome of the buying and selling of goods and services is that the goods and
services are in the hands of those who value them the most. This set of final
transactions, which is acceptable to all buyers and sellers, is said to be the core of
the market. At this point, the market has reached a competitive equilibrium.
B: Empty Core Markets (ECM)
In an empty core market there is no competitive equilibrium. A market has an empty
core when (for a final set of transactions that is acceptable to all buyers and sellers)
there is an alternative set of transactions that promises higher returns to buyers and
sellers than the current set of transactions.
With an ECM, individual demands for surplus are larger than the maximum amount
that can be created (Pirrong, 1992). In this situation, there is no stable solution, as
Page 3
buyers and sellers are constantly switching among themselves seeking higher
returns.
Not all markets demonstrate the characteristics of a market where there is no
competitive equilibrium. Telser (1972), in his work on ECMs, identified the following
six characteristics that he believes are consistent with empty core markets:
1. Demand is uncertain;
2. Plant capacities are large relative to demand;
3. Plants exhibit increasing returns to scale;
4. Plants have fixed (rigid) capacities;
5. There are avoidable fixed costs;
6. It is costly to store the product.
Of these characteristics, it appears that academics have tended to focus on the
combined influence of demand uncertainty and increasing returns (Bittlingmayer,
1982) as well as increasing returns and capacity restraint (Telser, 1972).
An explanation of these three key variables follows.
1. Uncertain Demand
Demand is uncertain when firms cannot acturately predict demand in a given market
(McWilliams, unpubl). Pirrong (1992) explains that when demand is variable, it is
usually cost minimising to build several plants and periodically idle one or several in
response to changes in demand.
The converse is true for when demand is stable. Here it would be sufficient to build
one plant matching the constant demand or several plants that always operate at
capacity.
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Within the New Zealand meat processing industry, given the climatic conditions and
seasonal nature of the farming sector, it is reasonable to expect that demand for
processing will be uncertain.
2. Increasing Returns to Scale
Increasing returns to scale at a plant level often occur when the cost function
includes a component that is independent of the output rate (Telser, 1978). This
cost component that is independent of the output rate is commonly referred to as
fixed costs. Assuming that the variable cost of producing each unit of output is fixed,
then a prudent management decision would be to produce as many units of output
as possible, thus reducing the average unit cost of each output unit produced.
An industry that is characterised by large avoidable fixed costs will exhibit increasing
returns to scale. Avoidable fixed costs are lump sum costs that are incurred at
~ positive output rates but if output is zero, then these cost will not be incurred. For
o
00 example, there might be a set of clean up costs, fuel costs, or some labour costs
that are only incurred if production takes place and do not depend on the amount of
output (McWilliams, 1990).
It is acknowledged by many within the New Zealand meat industry that the industry
is characterised by a high proportion of fixed and semi-fixed costs.
3. Fixed Plant Capacities
Fixed plant capacities relates to what McWilliams (unpubl) calls 'lumpy costs'.
Lumpy costs occur when capacity can only be added in relatively large increments.
In the airline industry, for example, capacity on a particular flight can only be added
in large (relatively) amounts. Suppose a suitable plane can only carry 100
passengers on a particular route. If 110 passengers want to fly that route, then two
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planes are required to transfer all the passengers. Since capacity can only be
added in these large increments, the industry's cost curves are discontinuous and
broken, making the costs to the industry lumpy.
Rigid capacity, coupled with large avoidable fixed costs, will result in a decreasing
average cost per unit of production up to the point of full capacity.
As with the plane example, if a one shift processing plant within the meat industry
has the capacity to process 20,000 lambs per week, but 22,000 lambs in one
particular week were supplied by producers, then a second shift would need to be
added to process the additional 2,000 lambs.
C: Empty Core Markets Example
The following simple worked example taken from Smith (1995) helps explain the
theory of empty core markets.
Imagine a market in which a taxi holds two people, and only two. Three people are
waiting at the taxi stand bound for the same destination, and two taxi's show up.
How much it costs a taxi to make the trip doesn't depend much on the number of
passengers. One taxi driver offers to carry two passengers for a total of $20. The
second driver can try to make the same amount by offering the third passenger a
fare of $20, but that passenger will likely take a bus, or not travel at all, rather than
pay that much. So the second driver tries to upset the first passengers agreement,
undercutting his fare for two passengers.
The result is that any price agreement struck by a coalition of two passengers and
one taxi can be upset by a slightly better offer from the other taxi (or the other
passenger). This process continues until it is no longer profitable to operate one of
the taxis.
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A more detailed worked example of empty core markets,taken directly from Telser
(1985), appears in Appendix 1.
This type of cutthroat competition characterises empty core markets. In an effort to
find customers, firms engage in rigorous price competition. Each competitor in the
industry continues to offer lower prices until the market price is below the average
total cost of each and every firm in the industry, resulting in less than normal
economic returns for all firms in the industry (McWilliams, unpubl)
It is important to distinguish between cutthroat competition clOd vigorous competition.
Vigorous competition that drives prices below the average total cost of less efficient
firms, but not below the cost of more efficient firms, results in the elimination of the
less efficient firms and the survival of the more efficient firms. Cutthroat competition
results in chaotic markets in which all firms earn below normal economic returns, in
the long run as well as the short run (McWilliams, unpubl).
D: Solutions To Empty Core Markets
In all caseS where academics have found the existence of empty core markets, they
have concluded that there needs to be some balance between co-operation and
competition in order to avoid the existence of cutthroat competition, and industry
failure.
Sharkey (1977) showed how efficient production when demand is uncertain forces
suppliers to sacrifice economies of scale in order to achieve greater flexibility
through a larger number of plants. Equally important is the result that full efficiency
requires a set of plants of different sizes. This result suggests that competition in
industries SUbject to uncertain demand may be unstable.
Bittlingmayer (1982) explains how decreases in the scale of operations of every sort
of economic activity will eventually result in higher average costs. However, the
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scale of operations in any industry will depend on demand. Therefore, the optimum
use of resources under uncertain demand will imply the use of large efficient plants
as well as small, inefficient ones. This implies some form of co-operation will be
necessary to get the most efficient use of resources.
Adding further support to Bittlingmayer (1982), McWilliams (1990) argues that the
long run effect of forcing competition in empty core markets may be the persistence
of small plants when larger, more efficient plants are technically feasible.
Sjostrom (1989) argues the theory of empty core markets explains why customers
accept price fixing in the shipping industry when buying from new entrants is an
alternative.
Pirrong (1992) believes participants in a market plagued by empty core problems
have incentives to devise restrictions on the freedom to form coalitions, that is, to
restrict the freedom to compete and contract. Such constraints, which may include
property rights, entry barriers, and limits on contracting, should eliminate enough of
the competition so as to achieve a stable equilibrium.
III. Examples of Empty Core Markets
The theory of empty core markets has been applied to a number of industry's,
inclUding the airline, shipping, sugar, and pipeline industries.
Sjostrom (1989) provided an empirical study comparing cartels with price fixing in
the ocean shipping industry. Ocean shipping conferences have long been treated
by economists as monopolising cartels. A shipping conference issues a price list,
which all members are required to adhere to. It sets output quotas on both the
amount of cargo and the number of sailing's, and it may also place restrictions on
P~nA A
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which ports each member can service. These arrangements are exempted from the
US anti trust laws by the Shipping Act.
Sjostrom argues that the extensiveness of their use, their longetivity, and their
apparent customer support, suggest that they may be efficient arrangements rather
than merely devices for extracting monopoly rents. He says an alternative to a cartel
explanation for conferences is the possibility that in the liner shipping market, the
core is empty. One reason for agreements that look like cartels may be to solve the
problem of an empty core.
Sjostrom interprets such agreements in the ocean shipping industry as a means of
imposing an equilibrium rather than a means of extracting monopoly rents.
Pirrong (1992) provides further support of empty core markets in the shipping
industry. Here he tests the ability of the theory to explain the organisation of ocean
shipping markets. The evidence is consistent with the theory's predictions that
where costs are indivisible and demand is divisible, the industry has consistently
colluded since the industry's birth in the mid-nineteenth century. Thus he concludes,
the existence of a cartel may be an efficient response to the cost and demand
conditions that preclude the existence of a competitive e'luilibrium.
Bittlingmayer (1982) builds on the work of Telser (1978) and identifies the Cast Pipe
Iron Industry of the early 1900's as haVing uncertain demand and increasing returns
to scale. These are the characteristics consistent with empty core markets. This,
Bittlingmayer believes, helps explain why six firms found guilty of price fixing in the
Cast Pipe Iron Industry ended up merging shortly after the court decision.
Other non-empirical examples of industries where empty core markets exist are
given by Telser (1978). One industry is the airline industry, where the operating cost
of a plane depends primarily on its size and hardly on the number of passengers
aboard. The same is also true for railroads, and taxis.
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Another industry Telser (1978) believes exhibits the cost structure consistent with
empty core markets is the electricity generation industry. In generating electricity,
larger generators have lower costs per kilowatt. But it would be very inefficient to
have one big generator. Owing to the variation in the demand for electricity in the
course of the day and over the seasons of the year, the expected cost is lower if
there are generators of different capacities, of which some are idle at certain times.
Like the preceding examples, it may be that control of electricity generation by a
single firm leads to an equilibrium, whereas no equilibrium can exist if there are
several firms and several competing buyers.
Smith (1995) uses the theory of empty core markets to explain how the US air
industry in the past five years has lost nearly all the money it made since its first
passengers flew commercially in 1914. Since airlines began competing freely on
routes and fares 17 years ago, 120 have gone bankrupt, some more than once. The
Standard and Poors airline index fell 30 percent last year.
The airline industry in the US also punishes its employees. More than 100,000 have
been laid off since 1989. Many others have taken pay cuts.
The commonly accepted view for this airline carnage is that pricing madness and
mammOlh losses have resulted from bad policy, bad management, and bad luck. By
contrast, new views say the trouble isn't bad luck; it's the nature of the business. It
is argued that the airline industry is destined for destruction.
No matter how many employees are laid off or labour concessions gained, the fixed
costs of aviation - planes, fuel, facilities - are destined to remain relatively high. The
cost of adding one more passenger to a flight is negligible (a little fuel and a few
dollars to process a ticket). In 1994, 92 percent of airline passengers bought their
tickets at a discount, paying on average 35 percent of the full fare. In an industry
with high fixed costs and low marginal costs, competition may produce a market that
never settles down. This is because the core of the market is empty.
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IV. Application of the Theory when Analysing the New
Zealand Meat Processing Industry
The conditions that are found in empty core markets appear consistent with those
conditions found within the New Zealand meat processing industry.
A: The Demand for Processing Capacity
The demand for processing space within the industry is uncertain given the climatic
conditions and seasonal nature of the industry. The uncertain demand is in two
areas. Firstly, the industry has seen sheep numbers falling since 1985 starting with
a reduction in Government subsidies and gaining impetus from strong competition
from the dairy and forestry sectors. This has affected the ability of the industry to
predict annual throughput.
~ The second area of uncertainty relates to the seasonal nature of the industry, where
~
~ for climatic and other reasons, demand for killing space on a quarterly basis
fluctuates between years. This following table illustrates this.
Table 1
xport Siaughteri
(1985/86 - 19
Lamb Mutton
Min Max Average Min Max Average
Oct-Dec 10.66 21.40 16.17 21.67 43.11 34.17
Jan-Mar 20.06 44.90 35.21 38.28 57.07 46.51
Apr-Jun 35.15 54.17 39.99 8.18 17.34 14.04
Jul-Sep 5.30 14.89 8.62 4.29 10.34 5.28
Table 1 shows fluctuations in demand occurs in the meat processing sector in two
areas. The first is the fluctuation between years. In the period between the seasons
of 1985/86 and 1993/94, the percentage average kill on a quarterly basis for export
lamb ranged between 8.62 percent (Jul-Sep), and to 39.99 (Apr-Jun). This
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represents a range of 31.37 percent. For mutton, these figures provide an even
greater range (41.23 percent). The percentage average kill on a quarterly basis for
export mutton ranged from 5.28 percent (Jul-Sep) to 46.51 percent (Jan-Mar).
The second area of fluctuation shown in the table is the significant difference
between the years for any particular quarter. For the period measured, the biggest
difference in percentage killed in anyone quarter was the Jan-Mar quarter for export
lamb. In the 1992/93 season, 44.9 percent of export lamb was killed, compared with
20.06 percent for the 1985/86 season. This represents a range of 24.85 percent.
Another significance variation is the Oct-Dec quarter for export mutton. Here the
range in percentage killed over the period measured is 21.44 percent.
These fluctuations appear to show significant demand uncertainty for killing space
within the New Zealand sheepmeat processing industry.
To test whether the fluctuations were statistically significant, a coefficient of variation
was calculated for both lamb and mutton on a quarterly basis. The coefficient of
variation is a popular measure of relative variability, used when an unadjusted
variance or standard deviation may be misleading (Reilly, 1985). The coefficient of
variation simply standardises the standard deviation of a population by dividing the
standard deviation by the average of the population.
For lamb slaughtering the coefficient of variation ranges between 0.13 (Jan-Mar) and
0.44 (Jul-Sep). For mutton, the range was 0.17 to 0.47. Pirrong (1992) concluded
that monthly shipments varied significantly in the different markets studied when the
coefficient of variation ranged between 0.15 (Jan-Mar) and 0.28 (Apr-Jun).
The conclusions from Pirrong suggest demand for killing space in the New Zealand
sheepmeat processing industry, given the coefficient of variations, fluctuates
significantly on a quarterly basis between seasons for both export lamb and mutton.
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B: The Cost Structure of the Processing Industry
When looking at the cost structure of the industry, there is a need to determine what
costs are incurred independent of the output rate. When an industry incurs high
fixed costs it is in its best interests to increase production to maximum capacity to
reduce the per unit average cost of the product.
A detailed analysis of individual company accounts would involve access to
privileged information. If more detailed information about the cost structure of the
companies were obtained, regression analysis that regressed these costs against
company output would determine with more accuracy which costs were variable and
which were fixed. If it was found that a high proportion of costs were positively
correlated with output, it would suggest the existence of increasing returns to scale.
This type of analysis is outside the scope of the paper.
However, there are a number of reports that look at the cost structure of the meat
~ industry. The Southpac Report (1994) reveals that between 55 and 60 percent of
N meat industry costs are either fixed or semi-fixed. When analysing the cost structure
of the ocean shipping industry, Pirrong (1992) found that avoidable (fixed) costs
accounted for 35 percent and 43 percent respectively for the northern trade and
southern trade routes.
It proved difficult obtaining sufficient information from listed company annual reports
to gain an appreciation of the break down of fixed and variable costs for the
respective companies. However, one annual report, dated September 301994,
separated out processing fees from other costs. In this case, processing fees (here
assumed to be the variable costs) account for only 19.47 percent of total costs.
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C: Capacity Constraints
The term capacity within the meat industry is open to interpretation. It can, and has
been, defined in a number of ways. In this paper, two definitions .of capacity are
given. The first is physical capacity, which is what plants are able to process under
current conditions.
The Commerce Commission Decision (CCO) on the Weddel closure noted the ability
of the North Island industry to increase physical capacity in response to increased
livestock producer supply of stock for slaughter caused by the East Coast drought.
The throughput at some plants had increased by working a second shift, and others
benefited from the incorporation of new technology, such as converting sheep
chains to inverted dressing. The Commission did however accept that increasing
throughput is accompanied by the need for increased working capital (CCO No. 273,
p.52).
The second definition of capacity relates to economic capacity. Economic capacity
measures the amount of throughput per period at which unit costs (Le. cost per head
of stock processed) are minimised (CCO No. 273, p53). Here the CCO makes the
presumption that the unit cost will fall initially when throughput levels are increased
up to some point, as fixed overhead costs are spread over greater volumes, beyond
which still greater throughput rates cause unit costs to rise because of greater
congestion in the plant. Here, the determination refers to the need to re-negotiate
labour agreements and make minor adjustments to plant layout.
Having regard to the increase in physical capacity evidenced in the North Island this
season, it was still evident that there was an inability within the processing sector to
alter capacity enough to cater for the increased producer supply. This demonstrates
that capacity is rigid (fixed), at least in the short term, until employment contracts are
re-negotiated and adjustments to plant layout have been completed.
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v. Conclusions Appendix One - Empty Core Markets Example
On the basis of these qualitative comparisons with other similarly structured
industries, the New Zealand meat industry appears to exhibit conditions that are
consistent with empty core markets.
(From Telser 1985)
An industry consists of four single plant firms each producing an identical,
homogeneous product.
The following table describes one possible industry configuration:
Let kt denote the capacity of plant Ai. Each plant incurs a cost, aj , if it operates but
can avoid this cost if it does not operate. The avoidable cost aj depends on capacity
but not on the actual level of production. Variable costs are assumed to be zero.
Sunk costs do not affect the firms' decision in the short run because the level of
capacity has already been chosen and installed, therefore all relevant costs are
avoidable.
I--l
I--l
W
Where empty core markets have been found elsewhere around the world,
academics have concluded there needs to be some form of balance between co-
operation and competition. In other industries this co-operation has been in a
number of forms, including property rights, entry barriers, limits on contracting, and
price collusion.
Having established that the New Zealand meat industry appears to exhibit those
characteristics consistent with empty core markets then it is possible that an industry
approach across all sectors will be necessary to avoid industry failure and loss of
markets. It is not the intention of this paper to suggest what form of co-operation
should be implemented within the New Zealand meat industry.
Further research is needed, in particular with regard to gaining defensible evidence
on the fixed and variable nature of the costs of the industry.
plant
AI
A2
A3
A4
kt
2
4
8
aj
$ 5
$ 8
$12
$16
alkt
$5
$4
$3
$2
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where kj is the capacity, aj the avoidable cost of production, and alkt the minimum
average avoidable cost of the plants.
For example, plant A2 has a capacity of 2. Its avoidable costs is $8; therefore, it
would not operate unless its receipts would be at least $8. If A2 did operate, its
minimum average avoidable cost would be $4.
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Since there may be more than eight consumers, two or more coalitions may be
formed simultaneously. Each coalition must offer its members at least the return
mentioned. The minimum total return demanded by all the coalition, Rj will be
Let rj represent the short run profits of plant A;. that is, the total revenue of the plant
minus the avoidable cost of production. Because a plant can close down, sell
nothing, and incur no production cost, it can guarantee that its short run profit, f;, will
never be less than zero.
Assume buyers are identical, each willing to purchase at most one unit of the good
and pay no more than $5 for it. There are m buyers. The gain to the consumer (s
for consumer surplus) is the difference between his reservation price and the price
actually paid. We assume s must be the same for all consumers and, of course,
non-negative.
s + f 1 ~ 0 1 = 0
2s + f 2 ~ O 2 = 2
4s + f 3 ~ 03 = 8
8s + f4 ~ 0 4 =24
R =ms + L;f;
(3a)
(3b)
(3c)
(3d)
(4)
The maximum available surplus in the market, S, will be the reservation price, P,
times the actual number of buyers, m, minus C(m), the minimum cost of producing m
units of the good, that is the cost of producing the good if it is produced by that
combination of plants that can produce the given m at least cost, so that
~
~
H:::-
S = mP- C(m) (1 )
while the maximum available surplUS, S, is mP - C(m), With these constraints, only
unusual circumstances will an equilibrium obtain. When the minimum acceptable
total return to the coalition, equation (4), exceeds the maximum available surplus,
equation (1), there will be no coalitions that cannot be ~utbid by alternative
coalitions. The core of the market is empty, and therefore no competitive equilibrium
exists.
Coalitions may form. Buyers may act jointly with other buyers and with a seller, but
sellers must act independently of other sellers. Therefore, a coalition will consist of
a group of buyers and a plant, Aj, where the number of buyers will be less than
equal to k;. the capacity of the plant. Each coalition can assure itself of a combined
net gain given by the maximum total amount the buyers are willing to pay minus the
avoidable cost of the plant. Let 0 j denote the surplUS for a coalition of k; buyers
with a plant i, so that
To understand why there is no equilibrium for most levels of demand, a simple
verbal explanation is helpful. Suppose there are 10 buyers. The cost minimising
solution calls for A2 and A4 to produce and for A1 and A3 to be idle, because the
combination of the capacities of A2 and A4 allows the 10 units to be produced at the
lowest cost ($24). The maximum total surplus available would be $26, that is, (10 x
$5) - $24. The price of the product must be at least $4 if A2 is to produce at its
capacity of two units because A2 requires receipts of $8 to cover its avoidable cost.
When forming coalitions, the individual plants and buyers act in their own behalf to
find the most favourable terms possible. Any coalition that forms has to guarantee
its members at least as much as the maximum gain available to the coalition:
OJ = max [0, Pk; - aJ (2) At a price of $4. however, A3 is a competitive alternative supplier of the product. A3
can offer any set of four buyers a price of $3, which would result in a surplus of $2
for each of them. Therefore, the highest price that any plant can charge for the
product is $3, and each consumer will demand a surplus of $2. The minimum
acceptable return to the market participants is $28, 10 x $2 (total surplus demanded
by the buyer) + $8 (short run profit of plant A4, when selling at $3). The return
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required by the market participants ($28) exceeds the maximum total surplus
available in the market ($26); therefore, no equilibrium is possible.
Model Notation
Ai Plant i
Only plants A3 and A4 could produce at a sufficiently low cost so as to allow all
consumers to receive the minimum surplus they demand. If both A 3 and A4 were to
produce, however, supply would exceed demand, and neither plant could be
assured of selling enough units to cover its cost as long as they competed for
buyers. A3 could not be forced out of the market by A2 because A2 would not
produce at a price below $4. A3 could not be forced out o~ the market by A4
charging a price lower than $3, either, because A4 could not satisfy all the demand.
The two buyers not able to purchase from A4 would bid the price up to $3 by forming
a coalition with A3 and two other buyers. As long as the plants were allowed to act
independently, there would be no equilibrium with 10 buyers.
With 10 buyers (or 9, 11, or 13) getting the largest possible surplus would require
that a plant with a higher minimum average cost stood idle. Because this would not
~ be in the best interest of the more efficient plant, if it were acting independently, the
U1 solution would require that some restriction be placed on the plants.
Without some restriction on the output of the plant, demand would not be satisfied at
minimum cost. This might be a consequence of the incorrect mix of plants operating
for the amount of demand, or it might be because of the installation of the incorrect
mix of plant sizes.
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ki
aj
a/ki
rj
m
s
S
P
C(m)
IT
R
Capacity of plant i
Cost incurred of operating plant i. This cost is avoidable if the plant does
not operate. This cost depends on capacity, and not on actual level of
production.
Minimum average avoidable cost of operating plant i
Short run profits of plant i
Number of buyers
Consumer surplus - difference between reservation price and price
actually paid
Maximum consumer surplus in the market
Reservation price
The minimum cost of producing m units of the good
Surplus for the coalition
Minimum total return demanded by all the coalitions
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Assume the market is paying $17.25 per lamb processed.
At Peak
Profit of Plant A
Profit of Plant B
Profit of Plant C
Off Peak
Profit of Plant A
Profit of Plant B
Loss of Plant C
$1.00 per lamb
$1.30 per lamb
$3.09 per lamb
$1.00 per lamb
$0.11 per lamb
($2.75) per lamb
117
$20,000 per week
$78,000 per week
$370,800 per week
$20,000 per week
$5,500 per week
($137,500) per week
~
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Kennedy, Louisiana State University, Baton Rouge, Louisiana
ABSTRACT
In many theoretical. situations, researchers are confronted with the
necessity of making a decision between given pairs of uncertain alternatives
without any knowledge of the actual decision makers' utility function. Because
of the complicated nature of risk, researchers, in general, have chosen to
implement only a single risk strategy in their model. However, some researchers
have explored the possibility of integrating multiple risk management variables
into a single model. Various approaches to this and related problems have
appeared in the literatllre, the most popular of which involve comparisons of
means and variances of income and the selection of alternatives for which the
associated variances are minimum for the given expected income levels.
This paper uses Markowitz's portfolio theory to demonstrate the gains in
risk reduction from production activities with less than perfectly correlated
returns based on 32 year rice and soybean yield, price, cost, and direct
government payment data for seven regions of Louisiana. Additionally, the paper
explores the magnitude of the effects of direct government payments on optimal
enterprise mixes and the variance of net returns.
~
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The Markowitz Portfolio Theory: An Analysis of Optimal Production
Mixes of Soybeans and Rice in Louisiana
INTRODUCTION
The pioneering work of Arrow [2] in the theory of portfolio choice and the
later works of Leland [9,10], Sandmo [18,19], and Stiglitz [21] in the expectec.
utility hypothesis in analyzing various problems of choice under uncertainty and
risk, have generated great interest in risk analysis in agriculture [3,16,12,15].
These studies have patterned after the analysis of the portfolio problem by
Markowitz [13] which concentrated on the calculation of the probability
distribution of net returns from farm enterprises and the identification of
proportionate combinations of enterprises that minimize variance for alternative
levels of expected income [6].
Risk in agriculture can be defined as the variability of the three
components from which net farm income is derived. These components include
prices, yields, and costs associated with production. Variation in these
components arise from a variety of causes including trends in demand and supply
of inputs and outputs, seasonal factors, economic or biological cycles, random
variation, and agricul tural policy changes [5}. Additionally, variation in
prices, yields, and costs make it difficult for producers to forecast future cash
flows, capital requirements, and net income. Unanticipated variability in net
returns can also affect the producers ability to maximize returns from resources
in the agricultural economy. Agricultural producers also face exposure to new
sources of price risk internationally as a consequence of the integration of
United States agricultural markets into a global economy.
Several risk management tools that can minimize the variability of net farm
income are available to the producer. The strategies most commonly used include
crop diversification, futures markets, seller's call options, and the Federal
Crop Insurance Program [4]. Diversification is a highly utilized method of risk
management. Producers can diversify by engaging in more than one activity in a
given time period. Through diversification, it may be possible to reduce the
total variability of returns without sacrificing expected returns.
The purpose of this paper is to develop a set of optimal enterprise mixes
of rice and soybeans for Louisiana producers that corresponds to the producers'
target income and acreage available. In addi tion, the paper explores the
magnitude of the effects of direct government payments on optimal enterprise
mixes and the variance of net returns and how variance of income from optimal
combinations of rice and soybean acreage increases as target income is increased.
Secondary data is used in a Markowitz portfolio framework to empirically identify
the gains in risk reduction from production activities with less than perfectly
correlated returns. Additionally, the expected income-variance (EV) criterion
of the portfolio theory assumes that producers hold preferences among alternative
enterprise mixes solely on the basis of their expected income (El and associated
income variance (V).
The first section of the paper presents an overview of a producer's
decision-making process under risk and uncertainty with selected applications,
followed by data collection procedure and data description and estimation
procedures. The paper concludes with a summary and discussion of the empirical
results.
3
OVERVIEW OF RISK AND UNCERTAINTY IN DECISION MAKING
Historically, producers have relied on judgment, experience, and trial-and-
error in choosing the appropriate mix of production alternatives and the number
of acres to commit to each alternative [1]. The choice of an appropriate mix of
production enterprises, given the producer's attitude toward risk, is crucial in
determining the expected returns from production.
In order to assist producer decision making under risk and uncertainty,
strategies for coping with variations in agricultural prices, yields, and costs
have been the focus of many farm management researchers. Because of the
complicated nature of risk, many researchers have chosen to implement only one
risk strategy in their model [14]. However, some researchers have explored
methods of integrating multiple risk management variables into a single model.
Falatoonzadeh, Conner, and Pope [4] explored risk management strategies to
reduce net income variability for farmers using the basic diversification
framework of portfolio analysis. Their work was based on the" assumption that
expected utility is a function of the mean and variance of net income. Expanding
on the basic analysis, they also included futures market participation and
Federal Crop Insurance Program (FCIP) participation in their model. A utility
concept was used to evaluate decisions under uncertainty. The authors
ascertained that the combination of a diversified crop production plan and FCIP
participation, coupled with involvement in futures markets, can provide an
effective risk management strategy.
other studies involving a combination of risk management tools have
demonstrated similar results. Sarassoro and Leuthold showed how portfolio theory
can be expanded to provide a risk management model within the context of yield,
price, interest, and exchange rate risks faced by producers. The study, based
on portfolio theory, successfully demonstrates the potential for substantial risk
reduction when managing multiple risks simultaneously.
Major barriers to research on diversification as a means to reduce income
variance risk have been the lack of knowledge and frustration in measuring a
producer's preference (utility) for averting risk. Stovall [22] suggests a
procedure that includes expected income and income variance, but avoids the
problem of specifying a farmer's preference for risk. In this model, the total
variance function is a quadratic form that can be minimized subject to linear
restrictions including resource restrictions (amount of land available) and an
income restriction. Therefore, for a given level of income, the producer could
choose a combination of products that provided the least amount of variance in
income.
Some researchers have found the theory of diversification to be acceptable;
however, the actual application has provided less than desirable results.
Robinson and Brake [17] suggest that as a financial model, the assumptions and
restrictions of portfolio theory seem acceptable. These assumptions include that
production is linear, asset choices are mostly divisible, and variance is on the
price side as opposed to the production side. However, the authors concluded
that as a farm planning tool, portfolio models are less effective because
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production is not linear, asset choices are seldom completely divisible, and
variances on the production side are as important as variances on the price side.
rice costs per acre ranged from a minimum of $60.74 per acre to a maximum of
$449.35 per acre, with a mean of $197.92 and a standard deviation of $137.46.
Other problems in using diversification as a means to reduce net income
risk include constraints of financing various product mixes, economies of scale
favoring production of a single commodity, types of land available, and the
expertise of the farm manager [7]. In addition, the farmer's attitude toward
various alternatives and his willingness or reluctance to try possible product
mixes playa major role in the success or failure of diversification to aid in
the reduction of net farm income variability.
Production diversification is another form of risk management tool
frequently used by the farmers in controlling production risk and uncertainty.
Production diversification can reduce yield, price, and income risk to the
producer by exploiting the fact that different crops will react differently to
events that occur. The distribution of possible income from soybeans may be
equally risky as that for rice. However, since the t,'o crops react in different
ways to events that occur (for example pests and diseases), the total risk to
income will be less than the risk from either crop alone. The problem for the
producer then becomes how much acreage to allocate to each crop, given an
expected level of income at a preferred level of risk.
Direct government payments for rice were initiated in 1978 and paid in
subsequent years of 1981 through 1988. These payments had a high degree of
relative variation and a dramatic impact on the real net returns for rice
production (Figures 1, 2 and 3). Average real net returns with direct payments
are $177 per acre, as compared to an average net return of $153 per acre without
direct payments.
Soybean yield ranged from a minimum of 17.00 bushels per acre to a maximum
of 28.00 bushels per acre, with a mean of 23.67 and a standard deviation of 2.60.
Nominal soybean prices ranged from a minimum of $1.92 per bushel to a maximum of
$7.87 per bushel with a mean of $4.29. Nominal soybean costs per acre ranged
from a minimum of $22.01 per acre to a maximum of $137.66 per acre, with a mean
of $62.21.
Covariance values between inflation adjusted rice net returns and soybean
net returns, with and without direct government payments for rice were 3942 and
5054, respectively. These values demonstrate the reduction in net return risk
from the inclusion of direct government payments.
SPECIFICATION OF MODEL
where the expected portfolio return equals each activity'S weight in the
portfolio times the activity'S expected return summed over the included
activities, and
The Markowitz portfolio model is utilized to demonstrate the gains in risk
reduction from production activities with less than perfectly correlated returns.
Since portfolio analysis examines returns and risks, the general model is given
by:
In comparing the variability of rice returns and soybean returns, rice
exhibited a higher degree of variability in cost, price, and yield. This higher
degree of variability is reduced somewhat when direct government payments for
rice are considered; however, even with direct payments, net returns for rice
continue to exhibit a higher degree of variability than soybeans. Of the three
variables that make up net returns, cost exhibits more variability with both rice
and soybeans than price or yield.
(2)
(1)X,E(R, ) + X2E(RJ
o~xf + o~X; + 20
,2X, X2
E(Rp )
2Op
DATA COLLECTION PROCEDURES
The impact of yield, price, and cost variabilit: is examined by estimating
the variability of net returns per acre. An advantage of analyZing the
variability of net returns per acre is the opportunity to determine correlation
information between crop yields, prices, and costs. That is, the variability of
one crop may offset the variability of the other crop, allowing the possibility
of a target income to be achieved with less variability than producing a single
crop. Net returns per acre is defined as price times yield per acre plus direct
government payments per acre minus costs per acre.
Yield, price, cost, and" direct government payments data for rice and
soybeans in seven regions of Louisiana were collected from secondary sources for
the years 1956 through 1988. All data except prices are on a per acre basis.
Direct government payments were obtained from the Louisiana off ice of the
Agricultural Stabilization and Conservation Service (ASCS), United States
Department of Agriculture. The Gross National Product (GNP) implicit price
deflator indexed to 1982 = 100 was used to adjust nominal soybean and rice price
and cost values for inflation.
For the year 1978 and the years 1981 through 1988, direct government
payments were used for rice. However, during the period 1956 through 1988, no
government programs providing direct payments were available for soybeans.
~
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Rice yield ranged from a mInimum of 26.50 cwt. per acre to a maximum of
45.50 cwt. per acre with a mean of 36.43 and a standard deviation of 5.40.
Nominal rice prices ranged from a minimum of $4.03 per cwt. to a maximum of
$13.45 per cwt., with a mean of $6.77 and a standard deviation of $2.46. Nominal
where portfolio variance equals each actiVity's squared weight times the
activity'S variance summed over the included activities plus covariance terms
weighted by the proportion in each activity to measure the comovement of each
activity with the other. .
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introduced for each constraint in the equation. The model is then est~mated in
the following form by means of a LINDO software package:
XI + X, + Income + Land
The degree to which a two-asset portfolio reduces the variance of returns
depends on the degree of correlation between the returns of the assets.
Diversification can reduce the variance of returns and the lower the coefficient
of correlation, the greater the reduction in variance. In general,
diversification will reduce the minimum attainable variance if the correlation
coefficient is less than the ratio of the smaller standard deviation to the
larger one.
Implici tly, the model was specif ied in the following quadratic form
(Stovall, 1966):
MIN
s. t. 60378 XI +
10108 XI +
153 XI +
XI +
10108 X, +
5208 X, +
74 X,
X,
153 Income + Land) 0
74 Income + Land > 0
Target Income
Total Land Available
(5 )
MIN VII) = otxf + o~XJ + 20 12 X,X2 (3)
Similarly, the model including direct government payments is estimated as:
s. t. q 1 (X 1) + q2 (X2 )
Xl + X2
bl
b2
MIN V(I) = 21240 X'I + 2604 X,' + 2(3942) XI X, (6)
ESTIMATION OF MODEL
The problem is to minimize income variance subject to a targeted income
level and the total amount of acreage that is available. The quadratic form of
the model is effective because it does not require specification of a producer's
preference for risk.
The quadratic form of the Markowitz portfolio model (equation 3) is used
to estimate a set of optimal enterprise mixes of rice and soybeans with a
corresponding range of feasible expected or target income levels, given an amount
of land acreage available. Acreage levels were based on an unpublished 1991
survey of Louisiana rice and soybean producers (the Department of Agricultural
Economics and Agribusiness, Louisiana State University Agricultural Center).
Using the rice and soybean statistics, the quadratic model is estimated as
follows (without direct government payments):
Table 2 shows the results of the scenario with direct government payments
in the analysis. The minimum feasible target income for each acreage constraint
where a feasible solution could be found is identical for both scenarios (Tables
1 and 2). However, in the scenario when direct payments are included in the
analysis, a much higher feasible target income is possible.
(7 )
b ,
b,
+ 74 X,
X,
MIN XI + X, + Income + Land
s. t. 42480 XI + 7884 X, + 177 Income + Land> 0
7884 XI + 5208 X, + 74 Income + Land > 0
177 XI + 74 X, = Target Income
XI + X, = Total Land Available
s. t. 177 XI
XI
Converting equation (6) to true linear form:
Table 1 shows the results of the scenario without direct government
payments in the analysis. A feasible solution was found for optimal combinations
of rice and soybeans for a range of target incomes. For each feasible income
level, a corresponding combination of rice and soybeans is given which minimizes
the variation of that income. Feasible solutions are given for 200, 400, and 800
acre land constraints.
income variance
rice net returns variance
soybean net returns variance
acres of rice produced
acres of soybeans produced
covariance of rice & soybean net returns
net return of rice
net return of soybeans
target income
land acreage constraint
a"
ql
q2
bl
b2
V( I)
a'I
a',
Xl
X2
where
~
~
30189 X'I + 2604 X', + 2(5054) XI X,
Equation 4 is converted to
Karush/Kuhn/Tucker/LaGrange first order
MIN VII)
s.t. 153 XI + 74 X,
Xl + x2
bl
b,
true linear
conditions. A
(4 )
form by the
dual variable is
Figures 1, 2, and 3 illustrate the results from the parametric analysis of
expected income for land acreage constraints of 200, 400, and 800 acres
respectively. The results indicate that variance of expected income under direct
government payments is substantially less compared to the variance of expected
income for the same scenario without direct government payments. For all three
land acreage scenarios, the relationships between the expected income levels and
8the respective variances show that the impact of direct government payment for
rice tend to shift the producer's risk-return relationship upward and to the
left. The magnitude of such shifts vary by farm size with the largest increase
in expected income (17 percent) being observed for the 200 acreage scenario.
However, the largest reduction in relative risk with direct government payments
(42 percent) occurs with the 800 acreage scenario. Such enhancement of the risk-
return relationship should increase the credit worthiness of the farm and improve
its risk-preferred classification [81.
CONCLUSIONS
Based on 1956 through 1988 Louisiana rice and soybean data adjusted for
inflation, the quadratic portfolio model specified a set of optimal results for
alternative target income and risk levels, subject to a land acreage constraint
for three different land acreage scenarios. The method did not assume a level
of risk or income preference. Rather, it calculated optimal results for
alternative income and risk levels. The results are therefore presented as a
range of feasible optimal enterprise mixes. The best plan for a producer will
depend on attitudes toward risk in relation to target income or expected returns.
For a given amount of land, there are optimal combinations of rice and
soybean acreage that provide a feasible level of income in which the variance of
that income is minimized. The degree to which enterprise diversification reduces
the variance of returns depends on the deg~ee of correlation between the returns
of rice and soybeans. A lower level of correlation corresponds to a greater
reduction in variance of returns. As expected income increases, the variance of
~ net returns for optimal combinations of rice and soybean increases as well.
N
N Additionally, the study also considered the effect of direct government
payments for rice production on optimal rice and soybean acreage combinations.
The analysis also determined the overall shift in the risk-return relationship
when direct government payments are considered. Direct government payments on
rice production have a large and dramatic effect on expected income levels,
optimal combinations of rice and soybeans, and the overall risk-return
relationship of production. The inclusion of direct government payments
increases :he range of feasible target incomes available at each given land
acreage amount. In addition, direct government payments substantially reduce the
amount of risk incurred at each level of expected return. These subsidies have
direct effects on the feasibility of production at various land acreage levels.
Table 1.
Acres
200
400
800
SELECTED OPTIMAL RICE AND SOYBEAN ACREAGE COMBINATIONS
(without Direct Government Payments)
Expected Income Rice Acreage Soybean Acreage
($OOO) (X1 ) (X2)
15.00 2.53 197.47
17.00 27.85 172.15
19.00 53.16 146.84
21.00 78.48 121.52
23.00 103.80 96.20
25.00 129.11 70.89
27.00 154.43 45.57
29.00 179.75 20.25
30.00 102.41 7.59
30.00 5.06 394.94
34.00 55.70 344.30
38.00 106.33 293.67
42.00 156.96 243.04
46.00 207.59 192.41
50.00 258.23 141.77
54.00 308.86 91.14
58.00 359.49 40.51
61.00 397.47 2.53
60.00 10.13 789.87
65.00 73.42 726.58
70.00 136.71 663.29
75.00 200.00 600.00
80.00 263.29 536.71
85.00 326.58 473.42
90.00 389.87 410.13
95.00 453.16 346.84
100.00 516.46 283.54
105.00 579.75 220.25
110.00 643.04 156.96
115.00 706.33 93.67
120.00 769.62 30.38
122.00 794.94 5.06
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Table 2. SELECTED OPTIMAL RICE AND SOYBEAN ACREAGE COMBINATIONS
(with Direct Government Payments)
Acres Expected Income Rice Acreage Soybean Acreage
($000) (X1 ) (X2)
200 15.00 1. 94 198.06
17.00 21.36 178.64
19.00 40.78 159.22
21.00 60.19 139.81
23.00 79.61 120.39
25.00 99.03 100.97
27.00 118.45 81.55
29.00 137.86 62.14
31.00 157.28 42.72
33.00 176.70 23.30
35.00 196.12 3.88
400 30.00 3.88 396.12
35.00 52.43 347.57
40.00 100.97 299.03
45.00 149.51 250.49
50.00 198.06 201.94
55.00 246.60 153.40
~ 60.00 295.15 104.85
N 65.00 343.69 56.31(;J 70.00 392.23 7.77
800 60.00 7.77 792.23
70.00 104.85 695.15
80.00 201.94 598.06
90.00 299.03 500.97
100.00 396.12 403.88
110.00 493.20 306.80
120.00 590.29 209.71
130.00 687.38 112.62
140.00 784.47 15.53
141.00 794.17 5.83
~w/Direct Payments -I-w/o Direct Payments
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The Theory of Coalitions: from Welfare Economics to Behavioural Models
by
R.W.M. Johnson
Wellington, New Zealand
The mating ritual of the Alliance and Lahour parties is staring to resemhle the
antics of those exotic hirds in Papua New Guinea which have ornithologists stuck
in hideouts for weeks waiting for the moment offrenzied emhrace. I say mating,
because I am sure this liaison has a good chance of going somewhere. There
seems to he some disagreement ahout how things should he consummated,
however, Mr Andaton prefers a noisy, showy affair in which there is no room for
misunderstanding hefore the election. Ms Clar/< prefers an invisihle surrender
after the elections.
(Simon Upton, Dominion, 29 May)
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The Basic PPF Model
It can be hypothesised that agricultural policy makers have 'a welfare function which includes
social welfare weights for the three groups of people involved and can be written as,
W = wp Gp + We Ge - w, L,
where wp' We and w, are the weights for producers, consumers and taxpayers respectively, and
Gp, Ge and L, are the respective welfare effects of the programme in terms of producer surplus,
consumer surplus and loss to taxpayers. In the case of a support price policy, for example, the
government or central decision maker makes a determination (from whatever point of view and
with whatever information that is available) that involves an implicit weighting of welfare gains
by producers and consu.ners and taxpayer loss. In Figure I, the loss to taxpayers is equal to
the sum of Gp and Ge plus the area ABE which is the dead-weight loss (OL,). Thus the welfare
function can be written in the following way,
W = (wp - w,)Gp + (we - w,)Ge - w, OL, '
and the shares of the interest groups are represented in Figure 1 by,
~
N
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Background
The theory of coalitions can be usefully examined from the point of view of welfare economics.
Political preference functions show the changes in welfare or distribution which follow changes
in policy parameters. The results of such analyses show the bias of administrators towards any
particular interest group but they are silent on the means by which such decisions are made.
Recent work by Rausser and other authors investigates more closely the process of decision-
making especially with regard to consultation between the interest groups and the administrators.
They regard the process as a two-person bargaining game where interest groups form coalitions
among themselves and with the administrators with the aim of reaching common agreement.
In pursuing the first approach, several authors have endeavoured to quantify the observed bias
in agricultural policies towards some groups in society by deriving a political preference or
governing criteria function (PPF). This approach assumes that current policies reflect a political
economic equilibrium summarising all the relevant forces. It acknowledges the influences of
political agents and groups in the policy process by the assumption that an abstract policymaker
maximises a weighted objective function subject to economic restraints. The weights or 'policy
preferences' are seen as the outcome of the political decision making process (Swinnen and van
der Zee 1993). The weights are derived from changes in producers and consumers surplus.
Po EAPs
Po EBPd
P, ABPd
EAB
Gp = welfare gain for producers
Ge = welfare gain for consumers
L, = welfare loss for taxpayers
OL, = dead-weight loss.
Price
~':I~m?<------"'=l"
,
Qo Qs Quantity
The second approach is to regard interest groups as parties to a two-person bargaining game.
The solution to the bargaining game can be regarded as the point in the bargaining set which
maximises the product of the players' utility gains from cooperation. Recent work has focused
on prescriptive analyses of the underlying choice rules and institutional design that structures
the policy making process. These models represent politics as a process by which competing
interest groups negotiate a compromise agreement that reflects their relative bargaining strengths
(Rausser, Simon and van't Veld 1994). The implications of these are discussed below.
Estimates of the welfare weights are obtained by maximising W with respect to the policy
variable. In this simple case, arbitrary values can be given to two of the weights and estimate
the relative value of the third. Assuming government attaches equal importance to consumers
and taxpayers, the welfare function simplifies to,
W = (wp - I)Gp - OL,.
3 4
Assuming linear forms of the supply and demand equations, this function can be written
as
w = (wp - I)(P, - Po)(Q, - + Qo)1/2 - (P, - Pd)(Q, - Qo)1/2
With further manipulation it can be shown that,
market solution in Figure 1. In the case of a support price, the government has moved on to
indifference surface IC2 with equilibrium at E,. There is a gain for producers and a loss for
consumers and taxpayers. The indifference curves represent the political preferences involved
and the transformation curve represents the opportunities for trade-offs between consumers and
producers welfare when intervention takes place. Only one policy instrument (a support price)
is involved.
ps
o
wp = I =E(P~
Ps
In both cases when producer and consumer prices are the same, as at the intersection of the
supply and demand curves, wp becomes equal to unity. Thus an absence of intervention can be
interpreted as indicating that the government assigns equal significance to the three groups.
The producer and consumer prices are observable and the elasticity of supply can be estimated.
Therefore the implicit weight used by policy makers for producers relative to that of taxpayers
can be estimated. If it is assumed that producers and consumers are of equal significance, wp
can be expressed in terms of the producer's price and the true market price,
An early study of PPF was that of Rausser and Freebairn (1974). They derived a PPF for US
beef import quotas which gave the first estimates of the preference weights. These authors
derive an econometric model to define the slope of the policy possibility frontier between their
consumer welfare measure, aggregate consumer meat costs, and producer welfare, aggregate
beef producers' gross margin. Their results suggest that over the period 1959-1969 policy
makers weighted a two dollar increase in beef producer returns as approximately equivalent in
social value to a one dollar increase in consumer meat costs.
Empirical PPF Studies
The model outlined above is directly utilised by Lianos and Rizopoulos (1988) in a study of
Greek cotton. Due to relatively small local production Greece is a price taker. Since the
market price is determined independently of the support price, no consumer gain is created by
government intervention. In terms of Figure I the welfare gain for producers is Po EAP,. for
consumers is zero, and the loss for taxpayers is P,AB'Po' with a deadweight loss of EAB'.
Utilising an estimate of the short-run elasticity of supply of 0.84 they calculate yearly estimates
of wp using yearly values of P" Po and Q,. During a the period of local intervention the average
value of the distributional weight was I. 098 and during the period under the CAP, the average
value was 1.202. These results are interpreted as a 9.8 per cent preference for farmers relative
to taxpayers during the first period and a 20 per cent preference for farmers in the second
period. In effect, the weight in this PPF study represents the percentage increase in the area of
producers surplus following intervention.
where b = slope of supply function_wp = I + .!2C.P.,:.J:.)
Q,
or wp=I+E(P~
P,
where E = elasticity of supply.
~
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Figure 2 shows the assumed surplus transformation curve (STC), AB, between producers surplus
and consumers surplus as government policy changes. OL is the price line of slope -I. ICt is
the government's indifference curve at the market equilibrium outcome, E. The weights equal
1 at this point. The size of the producer surplus and the consumer surplus is the same as in the
AI ~::>«
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According to Swinnen and van der Zee (1993), PPF studies of industrial economies indicate that
weights attached to agricultural producers exceed unity, while those for taxpayers are below
zero. Producer weights are highest in W Europe and Japan, although traditional exporters also
distort their domestic markets (Tyers 1990, p.1411). The pattern of weights is similar in most
industrial countries and in many developing countries although the variance of the weights
differs greatly.
Assessment of PPF Models
Swinnen and van der Zee (following Rausser and Freebairn 1974, p.439) point out that there
are three possible approaches to obtaining the weights of a PPF; a direct approach by
interviewing policy makers, an indirect approach from examination of the results of actual
decisions ('revealed preference'), and an arbitrary approach, in which the researcher chooses
weights according to his own beliefs. The indirect approach is used most often and infers
weights using the PPF's first order conditions. Presumably political decision makers could be
approached with some sort of structured questionnaire that revealed the general direction of their
5preferences. At the wider level, political commentators continuously analyse attitudes and
decisions and forecast likely outcomes.
The approach still relies on the government as the final arbiter and decision maker. In this
sense, the function does not 'explain' political decision-making, it merely examines the end
result. The estimation of producer and consumer surplus relies on the underlying model of the
market to establish a first position or reference point.
The nature and number of arguments that can be included in a PPF is, in principle, unlimited.
Usually the same interest groups as used in welfare economics is employed. In practice, PPF
researchers must aggregate or omit some interest groups, ignore the availability of some policy
instruments, and use simplified econometric models of markets (Bullock 1994, p.349).
Bargaining Models
Zusman's Political Economy Model
Zusman particularly wants to take account of the interests and political power structure of
participants in the policy process. He maintains that given the economic structure, interest
groups' and policy makers' objectives and the political power structure, policy choices should
be fully and uniquely determined. Inefficient existing policies could actually be improved
~ within the existing power structure. Delays in policy updating will yield outdated and
00 inefficient policies. Changes in the political power structure are likely. Policy changes which
yield benefits whose distribution is consistent with the prevailing power structure have a better
chance of being adopted. The task is to carry out a proper analysis of the political power
structure in order to quantify the relative political power of all participants (Zusman 1994).
The values of endogenous policy variables are determined by the economic structure chosen.
He assumes that there is a policy making centre that is constitutionally authorised to select the
values of the policy instruments. The values of the endogenous variables affect all the
participants in the political economy. Individual participants having similar preferences over
the set of feasible policy instruments are grouped into interest groups. Interest groups are
assumed to have leadership capable of mobilizing the group's resources and coordinating the
actions of group members. The groups' leaders can enter into binding agreements with other
organised interest groups and policy making centers. The feasible set of policy instruments to
be chosen will be constrained by certain conditions (prices must be non-negative, and
unacceptable policy instruments are excluded). The exact choice of instruments is determined
by a bargaining game involving the policy making center and the organised interest groups.
The objective function of the policy making center includes the center's perception of the
power or strength of the organised interest groups on central policy makers, and the groups'
evaluation of the costs of employing its means of power. The objective function of the interest
groups reflects individual gains subject to the costs involved. The bargaining game determines
the maximisation of the policy governance function with power coefficients showing the relative
power of each interest group.
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In discussing the power structure, Zusman reverts to a constitutional posluon. What is
important are the shared values and beliefs concerning the laws controlling the functioning of
the social and political environment. These allow power bases to be built and political
commitment to be identified. Trends in ideology determine whether decision making is
centralist or free market oriented. Groups will be affected by the distribution of wealth in a
particular society. Producer groups are stronger than consumer groups. Successful groups will
be well organised groups. Concentration of membership is better than dispersed membership
and so on.
Zusman says that the power coefficients are crucial determinants of policy choices. It could be
that the conditions determining the size of the power coefficients should be changed. Political
institutions, including especially constitutional arrangements, written or tacit, determine the
present distribution of power. Intervention at the institutional level may be more effective in
changing welfare if previous bargaining has little result. This accords with the conventional
view of upper and lower (operational) constitutional rules and their part in policy determination.
Zusman and Amiad (1977) use the model to analyse the Israeli dairy program 1968-69. The
conditions assuring the existence and uniqueness of a solution to the problem depend on the set
of constraints in a programming problem. Endogenous variables are determined by structural
equations. The policy instrument levels are determined by the observed political relations
between groups in the system. These instrument levels and power weights are then derived
from the programming solution. The authors stress their predictions of the policy instruments
more than the derived power weights which tend to vary about unity. Additional constraints
are modelled (raising the production quota) to improve the estimates of instrument levels. The
latter adjustment raises the power coefficient for family farms ('moshav') compared to
cooperative farms ('kibbutz'). Apparently, moshav farms were in favour of restrictions on
imports and raising domestic production!.
Rausser's Multilateral Model - a Strategic Approach
This model is applicable to a wide range of political-economic problems especially prescriptive
analyses of the underlying collective choice rules (the constitutional space) and institutional
design that structures the policy making process. The approach models constraints on the
decision making process itself and predicts outcomes by determining the equilibrium non-
cooperative strategies of decision makers facing those constraints. In this way crucial features
of collective decision making are accommodated. Collective decision making is an inherently
complex process that involves threats and counterthreats, compromises, coalition formation,
multiple levels of disagreement and path dependencies (Rausser et al 1994).
The model represents politics as a process by· which competing interest groups negotiate a
compromise agreement that reflects their relative bargaining strengths. The bargaining game
is generalised to a multidimensiopal issues space with multiple players. There is a fixed finite
number of negotiating rounds. It includes a set of admissible proposals and a set of admissible
coalitions. The set of admissible proposals might include an interval representing alternative
settings of some policy variable or the admissible set could represent a package of policy
instruments that are being negotiated simultaneously. The set of admissible coalitions includes
any sub group of the players that together have the political power to implement a proposal (eg
~
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in a strict majority rule regime any group containing a strict majority of the players would be
admissible). If one or more players have de facto veto power over the negotiations, then any
admissible coalition would have to include those players.
In the first round of negotiations, each player submits a proposal from the set of admissible
proposals and selects a target coalition from the set of admissible coalitions. One of these
proposals is then selected at random according to an exogenously specified vector of access
probabilities and put to the selected coalition for a vote (the higher a players relative political
power the greater will be that player's access probability). If all members of the coalition
accept the tabled proposal then the game ends. If one or more parties rejects it then play
proceeds to the next round. Equilibrium is where each party fssentially tables the same
proposal to their mutual satisfaction.
The constitutional variables are specified as part of the description of the problem and hence
can be varied accordingly. In this way, a comparison can be made of simple majority rule
versus a two-thirds majority. This in contrast to the Harsanyi-Zusman framework where the
key constitutional variables are embedded in the endogenously determined governance function
weights.
Rausser et al then discuss their Bulgarian case study as an example of their multilateral model.
The groups represented are the former ruling elite, producers, and 'the center' which wishes to
maximise social welfare. The elite have a rent in the old system which is diminished by the
reform process. Producers expect to gain from economic reform while the centre wants the best
from both worlds. The three interest groups negotiate with each other to determine the character
of the transition. The outcome of their negotiations is reflected in a policy variable representing
the deviation between consumer and producer prices in the market. The rent from such a
distortion goes to the elite, reducing consumer and producer surplus and creating dead weight
loss. In effect the distribution of this variable determines the distribution of political power in
the post reform governance structure which in turn determines the level of distortion in the post-
reform economy.
Bargaining reflects the relative political power of each group and the result could speed up or
slow down the process of reform. The elite control the supply of human capital and too fast
a reform lowers economic productivity. Each interest group has to negotiate a path of reform
which will take it near the center position as neither extreme can be tolerated politically.
Conclusions
PPF and bargaining models seek to simulate the economic-political process and explain some
of the factors which influence actual political policy decisions. PPF models examine the end
results of the political process in terms of social welfare surpluses. They accept the central
altruistic view of government maximising the national interest from its point of view and can
provide estimates of how much an interest group may have benefitted from a given decision.
Bargaining models go one step closer to the political process and examine the relative power
of the groups involved in the decision making process. Recent bargaining models set out a wide
range of constraints on, and opportunities for, bargaining between interest groups, which more
narrowly define the political compromise which will satisfy the parties. These models have a
8
particular advantage in simulating constitutional changes which will bring differing parties
together.
At the end of the day, PPF studies demonstrate to policy makers that the welfare surpluses have
increased or decreased and by how much. It would appear that policy analysts could probably
advise decision makers of the direction if not the arithmetic magnitude of the surpluses from
standard welfare policy models. A well-organised economic secretariat could probably have in-
house models in active preparation that could supply further details of direction and amount to
decision makers.
Bargaining models do start to examine the behaviour of the agents involved. Policies are the
result of an optimisation game between rational actors who have all the information relevant for
the game. This assumption may not be realistic. The relative power of the bargaining groups
is crucial to the outcome. If agreement between agents can be reached then some kind of
political efficiency is achieved by the process.
The cooperative game theory models of Zusman and Beghin (1990) are rich in detail even
though they do not involve constitutional reform alternatives. Rausser's noncooperative game
theory models include strategic bargaining and the relevant constitutional reforms. His model
of Bulgarian bargaining is perceptive but not particularly instructive for an open primary trading
country. The idea of bargaining between interest groups in stages is an appealing one and
simulates actual policy making processes in many cases where discussion and re-negotiation are
involved. A wide knowledge of the political process is required. Unilateral decision making
(by cabinet committee for example) would not be well simulated by a bargaining game, though
the decision itself would still reveal the political preferences of the decision makers in some
way.
Bargaining models assume a much greater and detailed knowledge of the political and economic
framework surrounding a decision or set of decisions. In this sense, they resemble more and
more a political science approach to decision making (and indeed could not do without it). This
is well summarised by Beghin (1990, p.147):
The bargaining game framework incorporates agents' behaviour and reactions
into the policy process. Estimated bargaining weights reveal the welfare trade-
offs made by policy makers in their policy choices. Assumptions about players'
behaviour, technology and preferences are necessary to quantify the game and the
policy responses to shocks; adding more a priori structure could possibly bias the
analysis. This approach also requires a well-documented understanding of the
political economy and institutions involved in policy decisions.
Comments on New Zealand Politics
Current emphasis in political reform in New Zealand is on political coalitions prior to the first
election under mixed member proportional representation. An initial step has been the
introduction of 65 new constituencies and an apparent shyness of existing Members of
Parliament to volunteer for list seats. Concurrently, one of the major political parties has shown
a tendency to split up into separate interest groups, and a minority party has declared it will not
~
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cooperate with other parties prior to the next election, and will only cooperate on particular
issues post-election on which it has a declared position.
Nigel Roberts has commented that it is important to distinguish between 'a coalition
government' and loose alliances within the parties. The formal process of setting up a
government after an election under MMP is the political manifestation of a coalition (if the
distribution of the parties elected requires it). Other coalitions between house members and
between the parties and outside groups could perhaps be labelled 'informal' coalitions just to
make the distinction.
Kenneth Keith has said that a vote of confidence in the newly elected house would force
potential coalition partners or minority government supporters to publicly declare their position
at that stage. Jonathan Hunt says (after a visit to Europe) coalition deals are made after
elections in Europe. Jim Gerard said political parties ill Europe campaigned individually and
coalitions were formed after an election. It sometimes took some months for the process to
work itself out. Peter Tapsell said (after the same trip) that decision-making will be behind the
scenes and it will not be any more transparent than the present system.
The public is slowly coming to understand the mechanics of voting for constituency and list
seats. After a recent poll result it was made clear that a constituency seat entitles a party to a
share of the list seats even if it does not reach the 5% threshold. This suggests that the small
parties must concentrate on holding at least one constituency seat with a strong candidate above
all other considerations if they wish to enter a coalition government. We can expect a shift in
candidate selection in coming months due to this factor alone.
It remains unclear what list Members of Parliament will do. There is reluctance to declare
themselves among existing members and Don McKinnon put it aptly when he declared himself
available for a list seat, that there was 'no job description available' of what he would have to
do. Clearly some members would get Ministerial posts but not all of them will given the
numbers of each already laid down in the statute.
The role of advisors and pressure groups in the new system remains unclear. Advisors will
need to make information more freely available to all the parties as they develop positions on
policy change. Pressure groups will likewise have a wider target audience and may need to step
up the scale of their activities.
Possibly select committees will need to expand in size to represent all viewpoints and to provide
a formal clearing house for coalitions when they can develop and co-exist with traditional
functions. In turn, advisors and pressure groups may need to meet and exchange information.
Theory suggests that new coalitions may emerge in this area (as they have in the past). Select
committees or some other clearing house institutions could take over some of the role of
Cabinet. Peter Tapsell observed that there would have to be more discussion of Bills outside
the debating chamber in the new 'culture of consensus' rather than rubber stamping of Cabinet
decisions.
Bargaining behaviour does seem, in summary, to be a fpjr and reasonably accurate simulation
of the political process. Breaking the process into stages of agreement between coalitions of
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interest groups is definitely helpful. However, this model seems to be true of FPP as of MMF.
What MMP does is to force a formal coalition on the elected members at a specific time i.e.,
just after an election. This appears to have very little to do with more open government but a
great deal to do with a compromise forced by the way the MMP constitutional arrangements
are established. This analysis suggests frenetic activity around election time but little
compromise outside that period. Again, this appears to be very little different from what we
already have in FPP. One can only wonder whether such a major constitutional change was
worth embarking on.
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ABSTRACT
This paper summarises the main thrust ofresearch into "Green" or Environmental accounting.
Much ofthe existing literature comments on the need for change and general problem areas. Some
examples are given ofone off projects that show the value of Environment Accounting in specific
situations.
However, there is a dearth of research on how specific entitles might use Environmental
Accounting to assess sustainability in their own situation. Some of the main problems areas
restricting the use of environmental accounting are discussed. Areas are suggested for further
research.
INTRODUCTION
"Green" Accounting refers to accounting becoming more environmentally aware. There has been
increasing interest in society as a whole in "Green" or environmental issues. The accounting
profession has also become more environmentally aware, particularly in the last 5 to 7 years.
Gray et all suggest that Environmental Accounting covers all areas (!(accoulllinK Ihat may he
affected hy the husiness re.lponse to environmental issues, ineluding new areas ofeco-accoulllil/g
Gral suggests that environmental accoulllinK will cover:
accountingfor contingent Iiahilities'risks;
accountingfor asset revaluations and capital projections;
cost analysis in key areas such as enerX}', waste and environmental protection;
investment appraisal 10 include environmelltalfactors;
development f!(new accountinK and il,(ormation .\y.~tems;
assessing the costs and henefits (!(environmental improvement proKrams;
developing accountinK techniques which express assets and liahilities and costs in
ecological (non.financial) terms.
Sustainability is also an area that society is becoming more aware of Some commentators (eg
Meadows et a14) have been raising the issue of sustainability for over 20 years. Society as a whole
has only begun to pay attention very recently.
The purpose of this paper is to discuss how accounting can help society move toward a
sustainable future. Firstly, the nature of the problem will be discussed, followed by comments on
the weak points in the current accounting systems. The approaches taken by the accounting
profession will then be discussed and examples given of work in the environmental accounting
field. Finally, some ofthe main accounting issues that need to be resolved will be discussed, with
particular emphasis on the need to move closer to individual entities.
THE PROBLEM
The problem is that the world is beyond some of its limits now, according to experts such as
Meadows et al4 . They claim that exponential population growth and finite resources are leading
to the world economic system not being sustainable in its present form. They point to rising
pollution and resource depletion as confirmation of the present system being unsustainable.
Although there is number of specific definitions of sustainability, sustainability is generally felt to
mean that the needs ofthe present generation are met without compromising the ability offuture
generations to meet their own needs (WeED) 987 as reported in Gral). This is very similar to
the Hicksian definition ofincome as the amount that a person can consume during a given period
and still be as well off at the end as at the beginningll .
"Every one" thinks sustainability is a good idea, but they are not sure what it is or how far it is
from their present positionS. What is needed are reliable "yardsticks" to gauge an entities situation
against. An entity's position can then be measured and progress reported on.
~
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The accounting profession can playa major role in providing "True and Fair" information to
stakeholders. Gray2 comments that a major skill of the accounting profession is in the management
of information flows. Meadows et a14 note that information flow are the key to changing a system.
They also note that existing information systems are resistant to change, which is an important
factor inhibiting the move towards sustainable systems.
Economists also have an important role. Firstly, they are in an ideal position to develop "yard
sticks" to measure performance against. As well, once good information is available, economists
can suggest better solutions about resource use.
While the sustainability problem will not be solved by two groups alone, this illustrates the need
for multi disciplinary teams to work together to solve the problem. Each group, engineers,
sociologists, economists and so on have something to contribute.
WEAKNESSES OF CURRENT AC(:OUNTING SYSTEMS
Gray 2 summarises the main weakness in current accounting practice as being partial reporting.
Currently only part of the costs and benefits are being reported as some parts do not fit within the
current accounting framework. Currently, a transaction must have occurred between a buyer and
seller. This does not suit sustainability issues as many events may occur now, but the effect or
transaction may be delayed for some time.
For a transaction to be measured, there must be a value in the exchange that is veril1abJe. Valuing
land degradation or pollution, to take two environmental situations, is a very difficult task that has
been the subject of much (economic) research
To decide on a value using current accounting practice, the goods must be priced on a market.
The usual base of measurement is historical. The current aC'counting profession is resisting
forward looking measurement bases, although there is a significant move in the accounting
profession to arrive at ways to account for intangibles. This move may accelerate as a result of
the Baring crash.
As well, accounting measures tend to focus on short term results. Therefore longer term
implications are often ignored, which is a major problem area for critical or non renewable capital.
Gray 2 lays the blame for these accounting short comings on economics.
This limitation ofaccounting derives directly from the economic view of the world
Gray argues that the mental framework associated with the current economic system is flawed in
regard to pricing and ownership. He argues that prices can only be generated over those things
over which property rights exist. Ifan entity does not own or control an item it can not price that
item. Property rights are absolute in the present accounting system. The user has the right to
destroy the goods if that is the best means of achieving his/her goals.
Perhaps because Grays comments were made 5 years ago in 1990, the large amount of research
being done by economists on Externalities (Price) and Property Rights (ownership) were
overlooked. However, this is an example ofhow the two professions can complement each other.
Economists can develop new tools for assessing the financial system. These tools can be used by
accountants to measure and report on an entities position.
ACCOUNTING APPROACHES TO DATE
There is a considerable amount of literature on environmental accounting. However, most of it
discusses the need for change rather than techniques that could be used to assess the need for
individual entities to change. Much of the initial accounting work has been done with an eye to
report on pollution, rather than asset degradation, perhaps to minimise contingent liabilities.
Three accounting approaches have been summarised by Gray et al J. Firstly, the inventory
approach identifies, records and reports on the different categories of capital and their depletion
or enhancement. The reporting may be in non financial terms. It is primarily a means ofdisclosing
information. Stakeholders can use the information to assess the position of an entity.
Secondly, the sustainable cost approach would cost out the resources needed to be spent at the
end ofa period to leave the biosphere in the same position it was at the start. The cost could be
included in the income statement as a charge against prol1ts. Although it could give an estimate
in financial terms, there are considerable problems in placing a value on the cost of restoring the
biosphere. In some cases, capital assets may not be able to be replaced as with critical natural
capital. The biosphere can substitute some factors but not others.
Finally, the resource flow/input-output approach would report on the resource use and depletion
ofthe system in question. It is a use of systems analysis and is commonly used in environmental
audits and life cycle analyses. However, it is cumbersome and requires large amounts of data.
Reporting may be in financial and/or non financial terms. It would provide information that
stakeholders could use to assess the position of an entity.
Economists researching National Accounts have also developed similar models. Serai)' and
Lutz l report on the depreciation approach and the "user cost" approach for dealing with
degradation of natural assets. The depreciation approach would record depletion of assets and
value thi~ by replacement cost or willingness to pay. However, this approach does not change the
value ofGDP which defeats one of the purposes of National Accounts
The user cost approach is similar to the sustainable cost approach mentioned above. However,
the cost would be arrived at by discounting a stream of resources to a perpetual income stream.
The true income could be assessed and an appropriate portion of the annual cash flow could be
set aside. This method is complicated to operate and it also relies on arbitrary discount rates. As
such it would not provide reliable, consistent, verifiable results which are a requirement ofcurrent
accounting practice.
EXAMPLES OF ENVIRONMENTAL ACCOUNTING
The examples mentioned below are one off analyses, rather than on going reporting situations.
While they are a start, they relate to individual cases which may not be repeatable to other sectors.
White6 reported on the use ofTotal Cost Accounting to develop better business "yardsticks" to
ACCOUNTING ISSUES TO BE RESOLVED
gauge performance against. He reported on a process which developed more comprehensive
estimates of pollution control costs and benefits, through better systems of assessing and
capturing data. This process was applied to two projects with a significant change in profitability
resulting from the additional information.
Many ofthe weaknesses ofcurrent accounting systems discussed previously could be rectified by
using a broader systems approach than a narrow entity approach. Looking at a whole system
would help to identify the range of effects from an event not just those transactions that could
affect an entity. The total cost approach used by White" is an example of this approach.
Repetto et al10 showed that based on the results of three factors alone - forestry, soils and fisheries
- GOP growth in Costa Rica had been overstated by 2S to 30%. Some of these industries were
believed to be positive contributors to GOP when in fact they were being mined. The capital was
being included as income instead ofa capital loss. A number of relatively simple techniques were
used to assess the true capital situation. While this study had less to do with accounting concepts
than valuation methods it shows that environmental factors can be incorporated into National
Accounts.
Faeth et aI" included the cost of resource depletion relating to soil erosion on cropping enterprises
in the USA. They showed that there was a significant difference in the optimal crop mix between
analyses using conventional accounting measures and those including resource depletion. They
showed that n.. faulty criteria and incomplete cost accounting can lead to erroneous
conclusio/lS ahout the relative value ofconventional and alternative systems'';
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developed.
Recognition of assets
Currently, assets included in a balance sheet are man made items or natural items that are traded.
Some items of natural capital may be valued, such as land, but they are not depreciated. Land,
water and air are thought not to change.
This concept has been criticised as it only recognises assets that meet specific criteria such as
ownership, future benefit, able to be reliably quantified and so on. This concept also fails to
include items which are irreplaceable. An emerging trend is to split assets up into three categories3
Critical natural capital - elements of the biosphere that are critical to life on the earth.
Other natural capital - elements that can be substituted or are renewable
Man made capital - machinery, buildings and so on.
Valuation of assets
Reliable measurement is a key tenet of current accounting practice Historical cost is the norm in
balance sheets, although there is a trend towards modified historical cost.
Many of the techniques used to value environmental assets or liabilities would not be reliable
enough for the accounting profession. There can be widely different values derived by different
methods or different assumptions used in the same method. Research into valuation techniques
have tended to concentrate on developing methods that describe the economic process to some
extent. For values to be incorporated into environmental accounts, more emphasis needs to be
placed on methods that produce reliable results.
Capital vs Income
If consumption of a resource is greater than is sustainable by system, then capital has been
consumed. Often it is not easy to determine where the boundary is between capital and income,
particularly when ownership issues are involved. For example, the rate of harvest of forests can
be too high for sustainable use if the harvesters are not the owners and are not obliged to replace
the forest they remove.
The accounting issues in this area are: What is sustainable use, how is this use measured
(Depreciation Method) and ensuring that the asset and depreciation is allocated to the correct
class.
Daly as reported in Meadows', suggests three strategies to assess with sustainable resource
depletion:
renewable resource - rate of use no greater than its rate of regeneration
nonrenewable resource - rate of use no greater than its rate of substitution
pollutant - rate ofemission no !:,'Teater than the rate at which the pollutant can be recycled
or rendered harmless by the environment.
However, there appears to have been little work done to assess depreciation methods along the
above lines.
MOVE FROM GENERAL TO PARTICULAR
There are very real reasons why environmental accounting should be used in NZ. However, there
are some practical reasons that are slowing down the process of change.
The accounting profession is used to being held accountable by clients for the accuracy and
reliability of the information that accountants provide. Accountants are only too aware at the
moment of the undesirable effects of them being held liable for mistakes or misleading
information.
The accounting profession has developed rules and guidelines of accounting practice over the
years which have ensured a good level of service to society if adhered to.
It is useful to look at the definition of an asset to see the rules that the accounting profession
currently adheres to.
An asset is defined as l2:
service potential or future economic henefits controlled hy the entity as a result of past
transactions or other past events
5. Gilkinson B (1993) One small step in Dundee Accountants Journal, June 1993, p65-67
An asset has 3 essential characteristics - control
- future economic benefits
- transaction must have occurred
6. White A.L (1993) Accounting for Pollution Prevention EPA Journal, July/Sept 93:
p23-25
8. Wright J (1990) Centre for Resource Management Report No 22
An asset will be recognised when
(a) it is probable that future economic benefits will occur
(b) value can be measured reliably
There are sound reasons for having these rules. If the value of an asset is not measured reliably,
then the accounts are of little use to stakeholders such as banks.
There is a perception that environmental accounting leads to "soft" data ie large changes in results
from small changes in input values or techniques. The concerning factor is that values may change
from period to period as a result of change in valuation techniques or recognition criteria.
For example, consider the case if a Hum that has had significant erosion as a result of heavy rain.
If accounting criteria are changed to incorporate environmental factors, how would banks react
to sudden decreases in asset value. Is the economic loss certain? When will the loss occur? How
was it measured? How accurate is the measure?
CONCLUSIONS
Accountants can contribute to sustainability mainly by providing more relevant information.
I--l. However, there are a number of real life practical issues that must be solved before environmental
~ accounting is commonly used.
A principal requirement is that the "yard sticks" that are used as a measure of sustainability must
be able to quantified reliably, consistently and independently verified. They must also provide
value for money or no one will want to use them
The challenge to economists then is to develop yardsticks that can be used in real life situations
rather than academic tools. Applying accounting principles to the yardsticks as they are being
developed would give a greater chance of the yardsticks being useful. The result from a multi
disciplinary approach will be greater than if economists or accountants work on their own.
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EXOTIC FORESTRY AREA DEVELOPMENTS IN NEW ZEALAND:
PAST TRENDS (1972 . 1993) AND FORECASTS (1994 . 1998)1
Rod Forbes and Ram SriRamaratnam
MAF Agriculture Policy, PO Box 2526, Wellington
June 1995
ABSTRACT
This paper is developed from work undertaken in MAF Agriculture Policy to address land use
issues raised by an increasing trend in exotic forestry areas in New Zealand and its implications
for pastoral agriculture. The study is based on an econometric analysis of time series data on
forestry areas for 1972 to 1993 published by Statistics New Zealand (SNZ). Separate farm
forestry and plantation forestry equations are derived. The explanatory variables included key
forestry and pastoral product prices, and representation of tax measures. Forecasts of national
forestry areas for 1994 to 1998 were made based on Ministry of Forestry (MoF) and MAF
forecasts of respective sector prices and other factors. Results suggest that the recent significant
increases in forestry areas will not be sustained.
INTRODUCTION
This paper is a progress report on the forestry related objectives under the project "Pastoral Farm
Investment Model" These objectives are:
(a) Assess the nature of data availability on farm/agro forestry land use and investment;
(b) Determine the important forestry related land use relationships and their appropriate
representation; and
(c) Estimate these relationships and use for medium term forecasts of future forestry land use.
This study also contributes to one of the MAF-MoF collaborative projects entitled: "Review of
Policy Services Pastoral Supply and Investment Model with the aim of including a farm-forestry
enterprise". This is listed in Schedule One of the Memorandum of Understanding between MAF
and MoF for Land Use Policies (1993).
Recent developments in the forestry sector has led to heightened interest in both farm and
plantation forestry. This interest, if sustained, suggests the likelihood of greater competition for
land and capital resources between pastoral and forestry activities in the near future. It is thus
I Views expressed in this paper are those of the authors and do not necessarily renect the official view
of the Ministry of Agriculture and Fisheries. The helpful suggestions and comments of colleagues
in MAF Agriculture Policy are acknowledged. Errors and omissions are the responsibility of the
authors.
prudent to investigate the developments in forestry related activities. A time series regression of
the stock of plantation areas (SNZ data) shows an annual trend increase of about 42,000 ha. The
purpose of this paper is to identify variables that are driving this trend and thereby provide a
reasonable basis for forecasting.
The outline of the remainder of this paper is as follows: Firstly, a background section describes
the sources of data; secondly, a forestry land use analysis section describes the transformation of
data for regression analyses; thirdly, the results section describes the regression equations and their
validation; fourthly, a discussion section describes the significance of the forecasts of farm and
plantation forest areas; and finally, appendices set out the time series on plantation areas and
regression equations adopted for forecasting purposes.
BACKGROUND
Land Use and Farm Types
SNZ provide land use data (eg areas in pasture, plantations, etc) for a number of defined farm
types. Farm types are defined according to estimated value of agriculture outpur and categorised
in terms of principal farm type (where 75% or more of gross income comes from one type),
predominant farm types (where 51 % or more of gross income comes from one type in association
with between 20% and 29% from another) and mixed livestock farm type.
In this study, plantation areas associated with the specific sectors of dairy, beef, sheep and deer
are derived from plantation area by farm type data from 1972 to 1993. The proportion of
livestock units, derived from livestock numbers by farm type, are used as weighting factors to
aggregate forestry areas associated with specific livestock sectors. Because livestock numbers by
farm type was not readily available for 1993, the same proportions as in 1992 are assumed.
The total plantation areas associated with farming enterprises are referred to in this study as farm
forestry. As at June 1993, the farm forestry area was 114,646 ha. The majority of plantation
areas - a total of 1,281,112 ha as at June 1993 - occur where the gross income from forestry
production comprises 51 % or more of total gross income as assessed by SNZ. The latter category
is referred to in this study as plantation forestry. However a wider definition of farm forestry -
the integration of farm and forestry enterprises on the one property - would mean that some "farm
forestry" would be included here. The Farm Forestry Association's general view is that SNZ data
understates farm forestry 3.
Forestry Data Sources
There are two sources of time series data available on forestry; SNZ's annual Agricultural
Statistics and MOF's National Exotic Forest Description (NEFD). For a recent comprehensive
review of sources of forestry statistics, the reader is referred to Cumberworth, Bacon and Jarvis
(1995).
2 Since 1988, SNZ have calculated estimated value of agriculture output based on volume data from
questionnaire responses and relevant price parameters. For forestry, a discounted value is derived.
Prior to 1988, categorisation of farm type was estimated by the respondents.
3 In 1992, farm forestry might well have accounted for 170,000 ha, but SNZ showed only about
114,000 ha (Mike Smith, Farm Forestry Association, personal communication with Ian Cairns). This
would mean that farm forestry would extend into the 100 to 499 ha size class (sec Table I).
There are some unexplainable variations in SNZ's plantation areas over time which pose limita-
tions for the purposes of the study. This can only be due to erroneous, incompiete or missing
plantation recording by respondents in agricultural censuses (1972 to 1990), sampling errors in
agricultural surveys (1991 to 1993), and changes in farm type classification from year to year.
Declines in forestry areas associated with sheep and beef farming could indicate conversions to
forestry. An accurate census/survey outcomes should show changes in forest areas from one year
to the next being solely a function of removals, replanting and new planting. Based on NEFD
(1994), the age distribution offorestry area indicates that changes from year to year between 1972
and 1993, can only be positive. The net productive stocked area showed positive changes from
1972 to 1993 with a minimum of 19,000 ha between 1991 and 1992 and a maximum of 60,000
ha between 1987 and 1988 with stock showing positive changes every year. Appendix I contains
a comparison of SNZ and MoF published data.
Since SNZ data is for June years and MoF data is for March years, the expected lag is evident
in all years except for 1984 when the SNZ figure was 1.041 million ha and the MoF figure was
1.045 million ha. There also appears to be problems with SNZ data from 1977 to 1979, and from
1988 to 1990, where the final year in each set shows a large increase and the second year shows
a decrease
MoF research using satellite imagery shows a total forestry area in 1992 of 1.3 million ha.
However, this technology cannot pick up trees of under three years of age. This suggests that
both the 1992 SNZ and NEFD data understate the actual forestry area.
In spite of these limitations, the SNZ data provides the only useful long-term series for the
purposes of this study.
~
~ Size Distribution of Forest Plantings
Plantation area as a percentage of total area on main livestock farm types suggest plantings of
shelter belts and small woodlots. For dairy the percentage rose from 0.46% in 1972 to 0.84% in
1992. For sheep, the percentage rose from 0.56% in 1972, peaked at 1.65% in 1986 and declined
to 1.22% in 1992. Beef followed a similar trend as sheep with 0.61 % in 1972, 2.14% in 1985 and
1.24% in 1992.
The size distribution of planted forests for 1992 is set out in Table I.
Plantations associated with farm types for 1992 total about 114,000ha. The total area for the
under looha size classes, of 105,832ha, suggests that farm forestry extends into the size class of
100 to 499ha (see also footnote 2).
Within SNZ plantation farm type, the actual planted area has intensified over time in relation to
the total property area. The proportions in five year intervals are 39.9% in 1972,32.3% in 1977,
26.8% in 1982,65.8% in 1987,69.2% in 1992 and 66.8% in 1993.
The main conclusion from the forestry area data over time is the upward trend evident in both
farm and plantation forestry. The data is the end of year stock of forestry area. This is the net
of the previous year's stock, less removals, plus restocking and new plantings. SNZ does not
collect data on removals, new plantings and/or restocking separately.
MoF collects and compiles a wide range of data, but there are some problems in reconciling this
data with that collected by SNZ. Reasons for this include MoF data being compiled on a March
year basis while SNZ data is collected on a June year basis from annual census or surveys carried
out.
Table 1:
Size Distribution of Planted Exotic Forests
(as at June 1992)
Size Class Number Area Average
(ha) (ha) (ha)
o to 10 8,800 31,060 4
11 to 39 1,920 38,871 20
40 to 99 621 35,901 58
100 to 499 483 100,190 207
500 to 999 79 55,853 707
1000 plus 177 1,073,234 6,064
Total 12,080 1,335,109 111
Source: Sialislies NZ via MoF
While the emphasis of this study is on the national forestry stock, there is considerable regional
variation. In a recent study, Cumberworth, Bacon and Jarvis (1995) showed that the percentage
of total forestry stock (1,335,174 hal to total productive area (17.3 million hal was about 8% with
regional variations ranging from less than 2% for Canterbury to 14% for Northland
FORESTRY LAND USE ANALYSIS
Regression equations (using ordinary least squares technique) were developed to identify the
important factors which have historically determined the forestry stock areas over time from 1972
to 1993. Equations which best fitted the base period actual data are in tum used to estimate
forestry stock areas for 1994, and forecasts for 1995 onwards.
Dependent Variables
The forestry areas modelled as dependent variables in this study are separate areas in pastoral farm
types, such as Dairy, Sheep, Beef and Deer, which together can be referred to as the pastoral
forestry area. This along with nonpastoral forestry area is modelled as the farm forestry area. In
addition, plantation forestry area is also modelled to understand changes in this predominant
forestry activity.
Independent Variables
The independent variables used in this analysis fall intfl two categories. The main category of
variables are related to prices of forestry products and also pastoral products of importance.
Nominal prices are transformed into real prices using the respective prices paid indices for the
individual sectors.
Production removals in round wood equivalents (RWE) are used as weighting factors in deriving
average forest product prices. MoF have provided forecasts for production removals out to 1998,
The data is set out in Table 2.
Source: MoF - Current Economic Simation forecasts, March 1995
Figure I:
Forest Product Price Trends Over Time -
Actual and Forecast
Actual
(1972-1994)
Price $ fob per RWE
350 I .
I Forecast
I( 1995-1998)
I
I
I
I
300
100
Total
15,846
16,850
17,600
18,400
19,100
15,671
Table 2:
Production Forestry Removals in RWE
(1993 to 1998)
Years Sawn Pulp Export
(June) timber logs
('ooo's Cubic Mctre RWE)
1993 5,762 3,899 4,733
(March Years)
1994 6,103 3,987 4,253
1995 6,314 3,955 4,865
1996 6,644 4,025 4,820
1997 6,864 4,033 4,820
1998 7,040 4,019 4,820
The real forestry product prices weighted by the type of forestry product removals are also
weighted across time periods to derive adaptive real prices. Weighting across time periods is
carried out in the case of pastoral product prices as well.
~ The other category of independent variables relate to various policy and legislative measures
"l represented as binary or dummy values as well as an underlying time trend. Five Year
Government Stock yields, gross income variables, and sheep and beef grazing land prices were
also tried.
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Forestry Product Prices
Nominal Forestry Product Prices:
There are no stumpage price series available in New Zealand similar to the farm gate prices
available for most pastoral products. The only available price series was at the export level ($
fob) from SNZ export statistics. SNZ compiles a range of export statistics which in tum are
processed further by MoF and expressed in RWE. Figure I sets out real export price trends,
actuals (1972-94) and forecasts (1995-98) in $ fob per RWE, for logs, sawn timber, pulp and all
forestry products. Price series for 1972 to 1993 are for June years, while those from 1994 to 1998
are for March years. The forecast prices are those produced by MoF for the Current Economic
Situation (CES) round of March 1995.
Two sets of export prices were tested as independent variables:
(a) Weighted average export prices of logs, sawn timber and pulp on a RWE basis with the
weighting factors being the annual production forestry removals for the respective
categories. Thus, export and domestic prices are assumed to be equivalent.
(b) Total forest products export price per RWE derived from total export value and volume
figures.
Unit prices for logs, sawn timber, pulp and total forestry products, based on MoF published
volume and value export statistics, are set out in Table 3.
Real Forestry Product Prices:
The conversion factors for RWEs are I for logs, 2.2 for sawn timber and 2.908 for pulp. The
latter is a weighted average for chemical and mechanical pulp.
Log prices trended downward from 1972 to 1992, followed by a rapid increase in 1993 and
peaking in 1994. MoF forecasts a cyclical low for 1996 followed by an upturn in 1997 and 1998.
Sawn timber prices trended upward during 1972 to 1992 with a pattern similar to logs from 1993
to 1996. Pulp price trend has been downward from 1972 to 1994, with an upturn forecasted for
1995 and 1996, followed by a decline to 1998. The all forestry product price appears to follow
a general trend similar to sawn timber.
Conversion of nominal forest product prices to real values for the regression analysis was carried
out using producers price (input) index for forestry and logging (PPIF). The index as published
by SNZ, was adjusted to a 1981 bllse value of IOQ, which is consistent with the other indices used
in the PSRM model. For the years 1972 to 1977 when PPIF was not available, beef price (input)
index (PPlB) was used as a proxy for PPIF. For the years beyond 1994, all indices are assumed
to increase at the same rate as the Treasury's forecasts of the consumers price index (CPI). The
PPIF values for the years 1993 to 1998 along with those for sheep (PPIS), beef (PPlB) and dairy
(PPlD) are set out in Table 4.
Source: MoF - Current Economic Situation round, March 1995
as.·umptions
Tahle 3:
Forestry Product~ Export Prices
1993 to 1998
Years Logs Sawn Pulp
(June) ($/m3) ($/m3) ($/1)
1993 147.96 432.25 564.00
(March Years) Forcc&.ls
1994 197 542 511
1995 136 498 658
1996 133 493 730
1997 140 500 700
1998 145 510 650
Total
($/RWE)
218.42
250
233
241
248
255
are used in the Deer Industry Demand and Supply Model (DIDASM), but for this analysis, only
the v·~nison prices are used.
Pastoral livestock product prices (P,) used in the analysis are also expressed in the adaptive form
with lagged variables employed as follows:
API:: 0.4 * PI + 0.6 * PI.t
Current pastoral product prices (P,) are weighted at 40%, while prices lagged one period are
assigned the remaining 60%, and pastoral prices lagged two periods are viewed as not important
in the forest land use decision.
Binary (Dummy) Variables
Various policy measures and other developments during the study period have had important
influence on forest plantings un pastoral farms as well as on plantation forestry. In order to
capture the impacts of these factors three binary (dummy) variables were employed in this land
use model as follows:
Table 4:
Producer Price Indices for Sheep, Beef, Dairy & Forestry/Logging (1993 10 1998)
Years PPIS PPIB PPID PPIF
(June) Sheep Beef Dairy Forestry
~
1 1993
(1981~loo)CJJ
00 192 190 207 227
1994 194 192 208 237
Forecasts
1995 198 196 213 242
1996 204 202 220 250
1997 206 204 222 251
1998 208 206 223 254
Source: Statistics NZ and MAF calculations
Adaptive Real Forest Product Prices:
Some experimentation was carried on lagging the price variables and the final choice of lagged
(adaptive) pricing was to weight the forest product prices variables as follows:
2
3
Town and country planning legislation appeared to impact adversely on the expansion of
plantation forestry area during the 1980 to 1985 period. This was based on anecdotal
evidence (see for example, Le Heron and Roche (1984)4 and MAF's activities in the past
in response to forestry and agriculture land use conflicts. A value of unity was assigned
for each year of this period, while the remaining years were assigned a value of zero,
including the period from 1993 onwards.
Taxation legislation have had varied impacts on forestry developments over time.
Government taxation policy with respect to forestry has altered markedly in the past (John
King, personal communication, 1994). During the 1972 to 1982 period, the tax provisions
were ascertained to be favourable and a value of unity was assigned to this binary variable.
From 1983 to 1986, the stance was judged to be neutral and a zero value was assigned.
From 1987 to 1992, the stance was judged to be adverse and a negative unity value was
assigned. From 1993, the stance was judged to be favourable again and a value of unity
was a.;signed.
Impact of forestry conferences, promotional activities etc and associated enthusiasm for
forest plantings. A close study of the year to year changes in forestry area stock, indicated
heightened forest plantings, especially on pastoral land, during the years 1976 and 1977 then
followed by 1982 and 1983 and more recently from 1992 onwards. These corresponded to
national forestry conferences held in 1976 and then in 1982 (Le Heron and Roche 1984) and
the general encouragement of forestry and the media publicity since 1992. The latter was
related to the dramatic rise in export log and sawn timber prices.
API:: 0.2 * PI + 0.6 * PI.} + 0.2 * PI.2
Current forest product prices (P,), which are given a weighting of only 20%, are not viewed as
important as forest product prices lagged one (P,.I) period. This formulation is due to the lagged
nature of the forest planting decision that results in an altered land use.
Pastoral Product Prices
The PSRM uses prices for dairy, sheep and beef products over the 1972 to 1994 period, and
forecasts for the period 1995 to 1998. MAF's forecast prices for the CES round of March 1995
are used in the regression analyses for the farm forestry output. A variety of deer industry prices
Forestry Trend Variable
The stock of plantation forestry area over time reveals a strong upward trend. For the purpose
of regression analysis, this underlying trend was represented in the form of a continuous increase
in the time variable from the first year of analysis 1972 (ie, 72, 73, ... ,93, ...,98).
4 "Exotic Afforestation Landuse and Policies, 1960 to 1984" by R B Le Heron and M M Roche,
Department of Geography, Massey University, 1984.
Other Variables
A number of other variables were identified as possible candidates and evaluated for inclusion in
the regression analyses. as follows:
Plantation Forestry Equation:
The plantation forestry equation exhibited a ~ery high level of explanatory power with an adjusted
R2 value of 0.99 and F statistic of 728. A strong increasing trend in plantation forestry was
mainly responsible for this good fit.
2
3
4
Average dairy farm gross income: This is compiled from Dairy Board survey data over
time, with MAF forecasts for 1994 to 1998. This variable would substitute for dairy farm
product prices and test for any income effect on forest planting decisions.
Average sheep and beef farm gross income: This is compiled from Meat and Wool Board's
Economic Services survey data and MAF forecasts to test for any income effect on forest
planting decisions.
Five Year Government Stock Yields: This is a proxy for inte:'est rate to study the effects
of the cost of borrowing on forest planting decisions over time.
Sheep and beef grazing land price: Increased forestry is viewed as competing primarily for
land in this Valuation New Zealand class for which historical data is available up to 1994.
An index is used for this study. Forecasts from 1995 to 1998 are based on forecasted
changes in the Consumers Prices Index (CPl).
RESULTS
The positive effect of weighted average forest product prices explained the remaining variation.
The regression coefficient for the trend variable was significant at the I% level, but only
significant at the 10% level for the forestry price variable. All other variables described earlier
were found to be non significant 'and in some cases, gave the wrong sign on die regression co-
efficient.
Model Validation
Actual vs Fitted Area:
Comparisons of actual and fitted forestry area data from 1974 to 1993 are provided in figures 2
and 3. These figures describe the extent to which the estimated equations, using the independent
variables described above, tracked actual forestry area over the historical period under study.
Overall, the actual forestry area has been followed closely by the fitted values for both equations.
Figure 2:
~
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Regression analyses (ordinary least squares) have been carried out for forestry area on the various
individual pastoral farm types, a combined pastoral farm type, an aggregate agricultural farm type,
and for plantation forestry.
Model Equations
SNZ data allowed for disaggregation of forestry areas associated with pastoral and other farming
enterprises. However, there was considerable year to year variations over the 1972 to 1992 period.
Eventually, the total forestry area was deemed to be best explained in terms of equations relating
to farm forestry and plantation forestry. Individual equations relating to forestry associated with
separate pastoral (dairy, sheep, beef and deer) and other farming enterprises were considered
unreliable. Appendix 2 sets out the results of the regression analyses in terms of the best equation
fits.
Farm Forestry Equation:
The farm forestry equation had a moderate explanatory power with an adjusted coefficient of
determination (R2 value) of 0.65 and F statistic of about 12.9, significant at the I% level. The
total forest product price variable had a positive impact, which was also statistically significant
at the I% level.
The binary variables related to forestry conferences and taxation measures had a positive impact
and regression coefficients were significant at the 5% and 10% levels, respectively. All other
variables described earlier were found to be non significant and in some cases, gave the wrong
sign on the regression coefficient.
Farm Forestry Areas -
Actual versus Fitted
Area (ha) (ODDs)
200rt------------,--------------,
so
0 1 " I --L........l...
1974 1976 1978 1980 1982 1984 1986 1988 1990 1992
Year
.. AClual '* Fitted
The fann forestry equation over or under-estimated actual values in some years, but in general did
not miss the important turning points. In 1993, the fitted farm forestry area exceeded the actual
area by 9.7%. Outlying over-estimations occurred in 1978, 1981, 1988 and 1993, while under-
estimation occurred in 1976 and 1984.
Figure 3:
Table 5:
Plantation Forestry Areas -
Actual versus Fitted Forestry Modet Validation Results(1974·1992)
Area (ha) (ooOs)
1,400 I I
Forestry
Equations
Correlation
coefficient
Regression
coefficient of
actual on fitted
Theil's
Inequality
Historical and Forecast Trends in Forestry Areas
1 Farm
2 Plantation
Source: MAF calculations
0.8411
0.9942
0.9908
0.9993
0.0962
0.0267
400
200
Figure 4 sets out the farm forestry area for the 1972 to 1993 period and the forecasts out to 1998.
Figure 5 sets out the area of plantation forestry for similar periods.
Figure 5:
Forecast
(1994-1998)
Actual
(1972-1993)
Area (ha) (ODDs)
2,OOOi.-----------------~----
Plantation and Total Forestry Areas Over Time -
Actual and Forecast
.. Actual '* Fined
oI , ,
1974 1976 1978 1980 1982 1984 1986 1988 1990 1992
Year
Validation Measures:
In Table 5, model validation results in terms of correlation coefficient, regression coefficient of
actual on fitted and Theil's inequality coefficient (1966) are reported. The fraction of error due
to bias being extremely small, in the order of 1*10-14, are not reported.
The fitted values of plantation forestry' area very closely followed the increasing trend of actual
area throughout the study period. Outlying over-estimation occurred in 1982 and 1986, while
similar under-estimations occurred in 1981 and 1988. [n 1993, the fitted plantation forestry area
was less than the actual area by 1%. The total forestry results very much mirrored the plantation
forestry results discussed above, but with the 1993 fitted value exceeding the actual forestry area
by 0.1%.
~
~
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The validation results reported in Table 5 suggest that both plantation forestry equations reported
in Appendix 2 appear to exhibit a very good overall fit, while the farm forestry equation is less
so. This is evident from the high correlation coefficients, regression coefficients of actual on
fitted, and the low Theil's coefficients between the fitted values and actual data, especially for
plantation forestry.
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The regression equations are used to initially forecast forestry areas from 1994 to 1998.
Adjustments to those were required to compensate for the differences between actual and fitted
areas in 1993 (the last year of actual data). This was achieved by multiplying the initial forecasts
by the 1993 ratio of actual to fitted area.
Figure 4 shows that farm forestry area increased from 86,800 ha in 1974 to 114,646 ha in 1993.
But between 1975 and 1988, there were some major fluctuations with peaks of 170,300 ha in
1976, 151,400 ha in 1983 and 152,200 ha in 1986. Forecasts fluctuate between 123,064 ha in
1994 and 125,840 ha in 1998, with a peak of 131,201 ha in 1995. The trends are largely deter-
mined by forestry areas on sheep and beef farm types.
Figure 5 shows that plantation forestry area has steadily trended upwards from 538,IOOha in 1974
to 1,281,IOOha in 1993, with minor fluctuations. The forecast continues this increasing trend to
1,500,487 ha in 1998. Total forestry largely follows the trend in plantation forestry over time,
with the exception of 1976 and 1977 where forestry on agricultural land increased more sharply.
Total forestry increased from 624,900 ha in 1974 to 1,395,800 ha in 1993, with the 1998 forecast
attaining 1,626,327 ha.
Forecasts from this study, reported in Table 6, indicate likely increases in total forestry area to be
below the lower end of MoP's predicted range and below estimates of the NZMWBES, in some
years. The forecasted yearly increases in the total forestry column of Table 6 are 65,303 ha in
1994, (1994 minus actual 1993),66,811 ha in 1995,24,957 ha in 1996,32,146 ha in 1997 and
41,352 ha in 1998, or an annual average of about 46,100 ha. The forecasts reflect the projected
changes in forestry prices. Figure 6 depicts the latter forecasts along with the historical changes
from 1973 to 1992.
Figure 6:
I Forecast
1(1994-1998)
I
I
I
I
I
I
Actual
(1973-1993)
100
Area (ha) (OOOs)
150r.-----------------r-----
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Forecasts represent a cumulative increase of about 230,600 ha of total forestry area between 1993
and 1998 or a 16.5% increase in total forest area over a 5 year period. Out of this cumulative
increase over the period from 1993-98, about 11,200 ha increase is estimated to occur on land that
remains classified as farming. This indicates a 9.8% increase in farm forestry over a 5 year
period. The cumulative increase of 230,600 ha represents 2.4% of the total grassland and lucerne
area of about 9.6 million ha in 1992. The majority of this increase is expected to involve whole
farms being largely converted to forestry.
Annual Changes in Total Forestry Area·
Actual and Forecast
... Total forestIy is !.he swn of agricultural and plantation forestry in June years.
Table 6 sets out forestry areas in five yearly intervals for historical data used to derive the two
equations for fann forestry and plantation forestry and the forecasts from 1994 to 1998.
Source: SNZ, MoF and MAF ca/culalions
Jab/e 6:
Forestry Areas·
Actuals and Forecasts
Year Farm Plantation Total
Forestry Forestry Forestr.r"
ACluals
1973 59,262 529,400 588,662
1978 119,911 679,614 799,526
1983 151,423 868,430 1,014,679
1988 107,414 1,084,557 1,210,925
1993 114,646 1,281,112 1,395,758
Forecast<;
1994 123,064 1,337,997 1,461,061
~
1
1995 131,201 1,396,671 1,527,872
~ 1996 125,205 1,427,624 1,552,829
~ 1997 123,172 1,461,803 1,584,9751998 125,840 1,500,487 1,626,327
-50
DISCUSSION
The results of this study must be tempered by the limitations in the SNZ plantation area data over
time. Unexplained variation in the historical time series, may be reflected in any forecast derived
from regression equations. The unexplained variations between years is due to a combination of
erroneous, incomplete or missing survey responses, and volatility from changes in farm type
categorisation. Nevertheless SNZ time series data is the only source of data available in some
. detail for the purpose of this study.
MoF have predicted (MoF 1994) "New plantings of between 50,000 and 150,oooha per year out
to perhaps the year 2020, when land availability may become a constraint, provided there are no
major changes to the forestry investment climate". The New Zealand Meat and Wool Boards'
Economics Service (NZMWBES) have estimated a loss of 50,000ha per year (an upper limit of
70,oooha) from sheep and beef farming to forestry for the decade to the year 2000 (Rob Davison,
personal communication, 1994).
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Area response elasticities to forestry product prices from the sample period 1974 to 1993 are 0,27
(very inelastic) for plantation forestry and 1.49 (elastic) for farm forestry. The area responses to
a 10% higher forestry price scenario in the 1996 to 1998 period are generally consistent with these
elasticities. The cumulative change for 1996 to 1998 altered from a reduction of -5,361 ha to an
increase of 10,539 ha for fann forestry. For plantation forestry, the cumulative increase rose from
103,816 ha to 129,337 ha. This suggests that area changes for fann forestry in response to prices
received for forestry products will be more sensitive than for plantation forestry. The change in
forestry area as an annual average from 1994 to 1998 increases from 46,100 ha to 54,400 ha,
MoP's estimates of new planted areas for years ended March 1994 and 1995 are 61,600 ha and
98,200 ha, respectively. There are difficulties in comparing MoF and SNZ time series because
of different base dates. However, the understatement by the regression results of new planted area
in 1995 suggests that something other than current forestry product price trends are influencing
new planting decisions for that year.
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The trend in forestry stock areas for the 1994 to 1998 period suggests the following impacts on
the pastoral sector:
In aggregate, increased forestry plantings appear unlikely to have a significant impact on
land available nationally for agricultural production in the medium term. While some
pasture land will be taken up for forestry, remaining potential land for pastoral agriculture
is quite high. Plantation forestry increases on pastoral land are likely to occur principally
on existing sheep and beef farm types. Informed opinion is that planting since 1992 is on
land classes VI and VII, virtually all ex-pasture with 100% destocking apart from relatively
small areas planted by farmers. Of the new planting area captured directly by the NEFD
1994 survey, 56% was converted from unimproved pasture, 28% from improved pasture and
16% from scrub.
NZMWBES estimates of sheep and beef stock losses from pasture conversion to forestry
is four stock units (su) per ha. A higher level at seven stock units (su) per ha is indicated
from land sales data on the North Island East Coast between 1992 and 1994 (Rob Davison,
personal communication 1994). Valuation NZ land sales data for the 1992 to 1994 period
in the Gisborne and Wairoa District show property conversion from pastoral land use to
forestry of 30,683 ha (33 properties) with a loss of 197,600 su (Bruce Cowper, personal
communication). Stock units per ha varied from 3.6 to 10.8 with an average of 6.4.
Forecasted forestry area increases from 1994 to 1998 suggest a loss of between 0.66 million
su (4su/ha) and 1.16 million su (7su/ha). The PSRM estimates of total sheep and beef
stock units as at June 1994 and 1998 are respectively 74 million and 69.9 million, a decline
of 4.1 million su. Since the PSRM does not account for forestry related variables such as
forestry product prices and tax measures, the 4.1 million su decline would largely exclude
the impact of conversions to forestry.
There has been a trend towards more extensive, lower cost agricultural production as a
consequence of cost-price squeeze due in part to macroeconomic adjustments since 1984.
This is reflected in declining stock units per ha on sheep and beef farms. But given
favourable farmgate prices and a level playing field between production sectors, there
remains scope to more than compensate for forestry expan~ion of the scale likely in the
future.
Finally, there is evidence of the following localised impacts of forestry expansion of significance
to agriculture:
There will be perceived conflicts with forestry encroachment at the local government level,
in some regions. This is because of the perceived net loss of, or threat to, downstream and
upstream infrastructure. MAF, MoF and Landcare have assessed this perceived conflict for
the Wairoa District Council, where whole farms on easy hill country are being competitively
purchased for forestry, mainly by syndicates of small investors. Estimates of stock unit
losses are 7.7 su per total ha (King and Krausse, 1995).
Central North Island cattle finishing districts could be impacted in future by lowered supply
of store cattle due to increased afforestation in the Wairoa and Gisborne districts (Mark
Peacock, personal communication 1995). Store cattle producing districts can be identified
from SNZ survey data by the ratio of breeding cows and heifers to toWI beef cattle. The
highest ratios are calculated for the combined Hastings (37%), Wairoa (41 %) and Gisborne
(43%) District Council areas in 1993. The three districts recorded about 24% of the North
Island breeding stock and about 16% of the North Island forestry area in 1993.
The past antagonism of some sections of the farming community towards forestry expansion
appears to be moderating. A recent scoping study prepared for MAF (University of Otago
Consulting Group 1994) on the community impacts of forestry expansion suggests a change
in attitude by farmers post 1991 compared to earlier periods "from fear to acceptance".
This is thought to be due to the growth in small scale forestry. The latter would largely be
included in the plantation forestry areas.
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APPENDIX 1: LAND AREA IN FORESTRY 1972 TO 1992
A. BY SELECTED FARM TYPES
(ha)
Year Dairy Sheep Beef Deer Other Plantations
1972 6,387 25,219 12,694 0 26,400 476,200
1973 6,223 28,870 14,569 0 9,600 529,400
1974 4,940 39,696 22,625 0 19,600 538,100
1975 4,898 36,422 26,371 0 52,363 580,141
1976 6,055 62,304 37,345 0 64,660 635,300
1977 6,940 61,556 70,055 0 29,499 667,300
1978 5,841 43,472 30,110 100 30,950 657,484
1979 5,215 53,112 26,931 253 29,638 691,281
1980 4,975 81,621 31,375 309 5,705 755,509
1981 5,575 65,383 32,542 319 3,247 845,798
1982 6,406 86,321 39,225 5,238 12,520 812,943
1983 7,441 90,075 37,305 786 15,957 849,658
1984 7,611 83,364 30,678 1,283 22,157 896,074
1985 9,033 88,370 42,330 1,529 9,476 946,832
1986 9,391 91,520 41,030 1,436 8,954 998,097
1987 8,054 83,506 36,977 6,657 11,698 1,031,266
1988 8,132 64,792 23,362 1,890 9,297 1,157,690
1989 9,970 68,501 22,713 2,554 7,074 1,138,401
1990 11,099 62,394 25,922 3,486 7,654 1,193,807
1991 11,338 59,173 25,213 2,950 7,863 1,222,831
1992 12,927 61,816 28,165 4,111 7,059 1,221,337
Source: SNZ Agricultural Statistics Publications and MAF calculations
B. COMPARISON BETWEEN SNZ AND MOF DATA
(OlIO's hal
Year* SNZ Change MoF Change SNZ - MoFTotal Total Total
1972 547 - 508 - 39
1973 587 40 538 30 49
1974 625 38 577 39 48
1975 651 26 616 39 35
1976 709 58 657 41 52
1977 835 127 705 48 130
1978 768 -67 749 44 19
1979 806 38 799 50 7
1980 879 73 846 47 33
1981 953 74 888 42 65
1982 963 10 939 51 24
1983 1,001 38 993 54 8
1984 1,041 40 1,045 52 -4
1985 1,097 56 1,095 50 2
1986 1,150 53 1,131 36 29
1987 1,178 28 1,154 23 24
1988 1,265 87 1,214 60 51
1989 1,249 -16 1,240 26 9
1990 1,304 55 1,261 21 43
1991 1,329 25 1,289 28 40
1992 1,335 6 1,308 19 27
1993 1,396 61 1,328 20 68
*SNZ data is as at year to June
MoF data is as at year to March
Source: SNZ Agricultural Statistics Publications, MoF's National Exotic Forest Description as at 1 April
1993, and MAF calculations
APPENDIX 2: REGRESSION EQUATIONS FOR FORESTRY AREAS
Definition of Independent Variables Used in Regression Equations
~
t
Farm Plantation
1 Constant -70,938.2 -0.263207E+07
(-1.8966*) (-21.5752 ***)
2 Price Variables
Forestry
312,471
a) Weighted Average - (2.27**)
b) Total Products 180,071 -
(5.1538***)
3 Binary Variable
23,851.9
a) Conferences (3.4031 ***)
b) Taxation 7,835.6
(2.0042*)
4 Trend Variable - 39,435.6
(36.201 ***)
Adjusted R-squared 0.6526 0.9871
Durbin-Watson statistic 1.3882 1.8851
null hypothesis of no auto-correlation indecisive accept
F statistic 12.8990 *** 728 ***
o Values in parentheses are t-stalistics, with the asterisks (0) representing the level a/significance
at the 10% (0),5% (00) and 1% (000) level. The same applies 10 F-slatistics.
Forestry Prices
Weighted Average
Total Products
Binary Variables
Conference
Taxation
Trend
Adaptive weighted average price of logs, sawn timber and
pulp expressed in terms of $ fob per roundwood equivalent
(RWE). The weighting factors being the RWEs of forest
production removals for the same products. The adaptive
price is comprised of:
O.2*P, + O.6*PI-/ + 0.2*P,.2
Adaptive price of all export forestry products expressed in
terms of $ fob per RWF.. Adaptive price comprised as above.
Binary variable representing the influence of past forestry
conferences, promotions and associated enthusiasm for forest
planting (values of either 0 or I).
Binary variable representing the influence of tax legislation
(values of either -I, or 0, or I).
Trend variable (values of 72, 73, etc).
~
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2SUMMARY BACKGROUND
The survey was carried out in October \993, with the information gathered relating to the
\992/93 financial year.
A total of 619 valid responses were obtained, giving an 85% response rate. The response rates
for the individual farm types were as follows:
These farm types are classified on the basis that 51 % or more of gross farm revenue is derived
from the farming activity indicated. The sample itself was drawn from the pool of "significant"
farms - defined by the Department of Statistics as those in the 95% of estimated value of
agricultural output (EVAO).
Accordingly MAF Policy commissioned MRL Agriculture to carry out such a survey. The
questionnaire used (shown in Appendix I) was developed by MAF Policy. MRL posted the
questionnaire out to selected farmers, and then collected the information over the telephone. The
sample was a total of 750 farms, selected at random but stratified by region. The farm types
and numbers involved were:
(67%)
(98%)
(60%)
(83%)
(81%)
101
294
60
83
81
Dairy
Sheep and Beef
Arable Cropping
Pipfruit
Kiwifruit
Dairy (150)
Sheep and Beef (300)
Arable CroPpiniS (\ 00)
Pipfruit (100)
Kiwifruit (100)
In the last few years, the farm monitoring programme carried out by MAF Policy has indicated
a significant level of off-farm income across a wide range of farm types. Given this trend, it was
decided to carry out a formal survey to establish the extent of off-farm income, the impact it
was having on the farming operation, and the purposes to which this "extra" income was being
put.
The most common end use of this off-farm income was as eXf·enditure on household expenses
and personal drawings. Next was input into farm working expenses, followed by children's
education.
The survey also shows quite a high incidence of farms with off-farm investment, ranging from
37% of dairy farms to 70% of cropping properties. The average income from these off-farm
investments ranged from $11,000 for dairy properties through to $19,000 for kiwifruit farms.
Earnings from off-farm work averaged from $15,000-22.000 depending on farm type.
Apart from kiwifruit orchards, which show a bias towards male partncrs working off-farm, the
rest of the farm types show a relatively even balance between the sexes working off-farm.
Combining income from both off-farm work and off-farm investments, 73.2% of all farms
sampled reported some source of off-farm income. By farm type, the percentage is 63% for
dairy farms, 7\ % for sheep and beef farms, 87% for pipfruit orchards, 84% for kiwifruit
orchards, while 87% of cropping farms had some source of off-farm income. Total off-farm
income varied from around $19,000 for dairy and sheep and beef farms, through to around
$35,000 for kiwifruit properties.
The majority of respondents felt that they did not have to rearrange their on-farm work activities
as a result of the off-farm work. For those whose off-farm work necessitated a change in on-
farm routine, the main strategies adopted were: hiring more farm labour, working longer hours
on-farm, and sharing housework.
This report describes the findings of a survey on off-farm income, commissioned by MAF
Policy. It covers income earned in the \992/93 financial year, and includes income from both
off-farm employment and off-farm investments. The survey did not cover income earned on-
farm from non-agricultural activities, such as farm stays.
The survey shows that working off-farm is common among all farm types. The highest
incidence is on kiwifruit orchards, with 65% reporting income from off-farm employment. For
other farm types, off-farm employment was reported by 53% of cropping farms, 5\ % of pipfruit
orchards, 46% of dairy farms and 41 % of sheep and beef farms.
~
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Of all re:,pondents with off-farm income, 47% rated it as important or essential for the
household, while 37% rated it as important or essential for the farm business.
The analysis shows that, with respect to the size of property, farms with off-farm work income
are significantly smaller than farms without off-farm work income.
Significance
To overcome problems of extreme values, the significance of differences of continuous verities
was tested using analysis of variance of the rank transformed data. Differences in percentages
were tested using the chi-squared test.
For those properties with off-farm income, it was equivalent to 14% of gross farm revenue for
dairy farms, 20% for sheep and beef farms, 25% for cropping properties, 45% for pipfruit
orchards, and 69% for kiwifruit orchards. As a percentage of "disposable" farm income, off-
farm income ranged from an average of 36% for cropping farms to 37% for dairy farms, 65%
for sheep and beef farms, 69% for kiwifruit orchards, and 90% for pipfruit orchards.
In most cases, significant variation from the mean was also calculated.
It should be noted that most of the survey results are presented in the form of tables or graphs.
Text is used mainly to add information not presented in the tables. The aim of this report is to
present the survey results in an easily usable form, and minimal interpretation has been
attempted. Further interpretation may be undertaken in a later report.
Unless otherwise specified, "average" refers to the mean.
1-1
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Averages for Each Farm Type
Table I provides background information on the physical and financial data for each farm type
in the sample.
Table I (a): Physical Data
I I Mean I Median I
Dairy
Area (ha) 96.1 73.6
Stock Numbers: Cows 191 165
Other Dairy Stock 42 38
% Fann Income from dairying 94% 100%
Sheep & Beef
Area (ha) 572.6 245
Stock Numbers: Breeding Ewes 1498 1150
Other Sheep 541 400
Breeding Cows 72 10
Other Beef Stock 201 90
% Fann Income from Sheep & Wool 50% 56%
% Fann Income from Beef 42% 39%
Pipfruit
Area (ha) 22.2 14.0
Area in Pipfruit (ha) 10.9 8.0
% Farm Income from Pipfruit 88% 98%
Kiwifruit
Area (ha) 18.2 12.0
Area in Kiwifruit (ha) 7.4 5.0
% Fann Income from Kiwifruit 91% 98%
. Arable Cropping
Area (ha) 264.1 202
Area in Cereal/Grain (ha) 95.5 70
Area in Other Field Crops (ha) 74.6 51.5
% Fann Income from Cereal & Field Crops 75% 74%
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Table I(b) : Financial Data
Mean Median Lower Upper
Quartile Quartile
Dairy Farms
% farm income from dairying 93.9 100.0 90.0 100.0
Sheep and Beer Farms
% fann income from sheep and wool 49.6 55.5 20.0 78.0
% fann income from beef 42.2 39.0 4.0 75.0
% fann income from sheep, wool and beef 91.9 100.0 85.0 100.0
piprrnit Farms
% fann income from pipfruit 87.7 98.0 80.0 100.0
Kiwifruit Farms
% fann income from kiwifruit 91.0 98.0 84.0 100.0
Cropping Farms
% fann income from cereal grain crops 44.5 45.0 32.5 60.0
% fann income from non-cereal field crops 30.7 30.0 10.0 45.0
% fann income from cereal and field crops 75.3 74.0 60.0 90.0
% fann income from sheep and beef 21.6 20.0 9.0 35.0
5SURVEY RESULTS
Question 1: Number of Owners in the Farm Business
Figure I shows the number of owners for the farms surveyed. The number of farms with one
owner is 138, 22% of the total sample. The majority of farms in the sample (414 or 64%) have
two owners. This perhaps reflects the prevalence of husband/wife or father/son partnerships,
especially on livestock farms. Forty-four farms (7%) have three owners, 29 have four owners,
while 10 (2%) have more than four owners.
Figure 1
Number of Owners in the Farm Business
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Table 2 : Number of Owuers Living On-Farm.
Owners Dairy Sheep and Pipfruit Kiwifruit Cropping Overall
Beef
No. % No. % No. % No. % No. % No. %
None 6 5.9 7 2.4 6 7.2 II 13.6 2 3.3 32 5.2
One 20 19.8 89 30.2 15 18.1 12 14.8 16 26.7 152 24.5
Two 75 74.3 180 61.2 5\ 61.4 55 67.9 32 53.3 393 63.4
Three or 0 0 18 6.\ \I 13.3 3 3.7 10 \6.7 43 6.9
More
Total 10\ 100 294 100 83 100 81 100 60 100 620 100
Question 3: People Making Up the Family Household
5% 2% Table 3 : Farms by Number of Adults and Children
~
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64%
DOne
!11111 Two
§jj Three
IJJi!l Four
• Ove' Four
Total Sample
=635 Farms
No. of Farms with No. of Farms with
x Adults x Children
Where x = No. % No. %
None 0 312 49.0
One 46 7.0 79 12.5
Two 461 72.5 \10 17.5
Three 76 12.0 87 13.5
Four 40 6.5 37 6.0
Over Four 12 2.0 10 1.5
In terms ofdifferences between farm types, kiwifruit and pipfrui! orchards exhibit a significantly
lower level of single ownership than the rest. Similarly, there are significant differences between
the proportions with three or more owners. While 23% of pipfruit orchards and 18% of cropping
farms fall into this category, only 2% of dairy farms do.
Question 2: How Many Owners Live On-Farm
Table 2 provides information about the number of owners living on the surveyed farms. Most
farms have two owners resident, and this is true for all farm types. There are significant
differences between farm types in other categories, however.
The most notable variation by farm type is the high (14%) percentage of kiwifruit orchards with
no owners living on site; the average for the other farm types is 4% and tpis difference is highly
significant. The percentage of sheep and beef farms with one owner on-farm (30%) is very
significantly higher than the rest (average 19%). The differences between farm types in the
other categories are not statistically significant.
Table 3 provides information on the composition of farm households. It shows the number of
farms in each category of number of adults/children. For example, there were no farms with no
adults, although almost half (49%) of farms had no children. Not unexpectedly, most farms fell
in the two adult category. The mean number of adults was 2.2, and the mean number of children
was 1.2. There was no significant variation by farm type.
Table 4 : Average Ages of Household Members
Average age, where present, of the:
1st adult 49
2nd adult 45
3rd adult 25
1st child 11.5
2nd child 9
3rd child 7
Table 4 gives the average age for various household members.. There was no significant
variation by farm type.
~
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Question 4: Number of People Supported by the Farm Income
Table 5 : Number of People Supported by Farm Income
Mean Median
Dairy 4.07 4.0
Sheep & Beef 3.70 4.0
Pipfruit 4.01 4.0
Kiwifruit 3.05 2.0
Cropping 4.30 4.0
Table 5 shows that most farms surveyed support 4 people. There was no significant difference
between farm types.
Question 5: Number of People Working, and Length of Time Worked, On-Farm
Tables 6(a) and (b) provide a variety of data on the number of people working on-farm and the
hours worked. Table (a) provides information for household members, while (b) covers other
farm workers. All information provided is in averages. For example, the dairy farms in the
sample had an average of 1.3 family members working full-time, for an average of 50.3 hours
per week. On average overall, 1.3 family members worked full-time for 49 weeks per person;
0.7 family members worked part-time for 33 weeks per person; and 0.4 family members worked
on a temporary basis for an average 5.5 weeks per person.
Table 6(a): Family Household
Average number of: Dairy Sheep Pipfruit Kiwifruit Cropping Overall
& Beef
Family working fulltime Mean 1.3 1.3 1.3 1.0 104 1.3
Median I I I I I
Weeks worked full-time per family 50.3 49.9 48.6 43.5 48.1 49
member
Family working part-time Mean 0.6 0.7 0.6 0.7 0.9 0.7
«30 hrs/wk) Median I 0.5 0 0 I
Weeks worked part-time per family 42.1 31.6 32.2 21.9 40.3 33
member
Family working Mean 0.1 0.3 0.5 1.1 0.3 004
temporarily Median 0 0 0 0 0
(contract/seasonal)
Weeks worked on temporary basis 8.0 5.2 8.0 4.2 4.8 5.5
per family member
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Table 6(b) Other Workers (including family not in the household)
Average number of: Dairy Sheep Pipfruit Kiwifruit Cropping Overall
& Beef
People working full-time Mean 0.7 004 1.2 0.7 0.6 0.6
Median 0 0 0 0 0
Weeks worked per full-time 43.0 40.5 40.1 23.1 50.6 38.0
worker
People working part-time Mean 0.2 0.5 1.0 104 0.2 0.6
«30 hrs/wk) Median 0 0 0 0 0
Weeks worked per part-time 20.8 10.0 15.0 6.1 14.3 11.0
worker
People working Mean 0.7 3.2 11.1 lOA 1.8 4.6
temporarily Median 0 I 7 6 0.5
Weeks worked per temporary 5.3 2.1 8.8 4.6 4.0 5.5
worker
The largest difference showing up between farm types is the higher number of temporary
workers employed by pipfruit and kiwifruit orchards, reflecting the high labour requirements
at harvest, and for other activities such as pruning.
Table 7 : No. of Full-time Equivalent Workers On-Farm by Farm Type
Mean Median
Dairy 2.2 2.0
Sheep & Beef 2.5 1.9
Pipfruit 4.4 3.1
Kiwifruit 204 1.7
Cropping 2.4 2.1
Table 7 converts all farm labour into the equivalent full-time worker value. The higher labour
requirements of pipfruit orchards again reflects the labour-intensive harvest period. There are
no significant differences between the amount of labour employed by other rarto types.
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Question 6: Farm Income and Expenditure OFF-FARM EMPLOYMENT
Table 8 : Farm Income and Expenditure Data by Farm Type Question 7: Off-farm Work
Table 8 provides data on farm income and expenditure by larm type. Both mean and median
averages are given. By either measure, kiwifruit "profit" is significantly smaller than any of the
other businesses. Sheep and beef followed by kiwifruit exhibit the largest ranges of both gross
revenue and gross profi t.
...,
Cropping
65.4
Kiwifruit
50.6
PipfruitSheep & Beef
70
60
50
40
%
30
20
10
0
Dairy
Table 9 : Proportion of all enterprises having specified household members working off-farm
Figure 2
Percent of Farms with Off-Farm Work
Almost half of all farms surveyed had income from off-farm employment. Figure 2 shows the
percentage of each farm type having off-farm employment income. Given the low level of profit
shown in Table 8, it is not surprising that the percentage is higher for kiwifruit orchards than
any other farm type,
Dairy Sheep & neef Pipfruit Kiwifruit Cropping
Adults
Zero 53.5 59.2 49.4 34.6 46.7
One 36.6 29.8 41.0 40.7 36.7
Two 7.9 10.2 8.4 19.8 16.7
Three 1.0 0.7 1.2 4.9 0
Four 1.0 0 0 0 0
Children
One 0 2.5 2.3 3.8 0
Two 0 1.6 0 1.9 0
Dairy Sheep & neef Pipfruit Kiwifruit Cropping
Mean $
Gross Revenue 173,817 192,588 264,760 161,880 293,713
Farm Operating Costs 97,303 123,646 187,058 128,833 196,041
Debt Servicing Costs 23,985 18,840 15,327 15,327 40,726
Gross Profit 54,137 53,327 42,219 16,677 61,946
Median
Gross Revenue 150,000 130,000 200,000 112,932 253,000
Farm Operating Costs 78,500 80,000 132,218 103,385 165,000
Debt Servicing Costs 20,000 13,000 14,119 10,105 31,000
Gross Profit 52,250 35,000 37,065 4719 38,500
Range for Gross Revenue
From 40,000 0 7,000 13,140 23,000
To 688,000 3,500,000 1,198,462 1,390,000 1,300,000
Range for Gross Profit
From -80,000 -142,000 -482,500 -69,391 -188,243
To 240,744 1,531,000 280,000 680,000 340,000~
U1
o (Please note that the figures for gross farm profit do not add-up exactly from the other figures because not all
respondents answered all questions on income and expenditure.)
Table 9 indicates who is undertaking off-farm work on the various farm types. For example,
over half of dairy households have no one in off-farm employment, while 37% of dairy farms
in the sample have one adult in off-farm work. None of the dairy farms have any children
undertaking work off the farm, A different picture emerges for kiwifruit orchards, with almost
II
20% of them having two adults working off-farm and almost 5% with three adults employed
off-farm. Almost 4% of kiwifruit orchards have one child engaged in off-farm work, and just
under 2% have two children working off-farm.
Table 10 expands this picture by providing information on the number of hours worked by all
household members, averaged for each farm type. Consistent with the information presented
above, kiwifruit orchards have a significantly higher number of hours worked off-farm,
especially when the median is considered.
Table 10 : Number of Hours of Off-farm Work per week
Dairy Sheep & Pipfroit Kiwifruit Cropping
Beef
Farms with Off-farm Work Mean 27.5 27.3 34.4 37.0 29.4
Mctli:m 24.0 30.0 40.0 40.0 29.0
Across A\I Farms Mean 15.6 12.9 20.3 36.7 19.9
Median 0.0 0.0 0.0 32.0 1.0
To better understand how much off-farm work is being undertaken by the household, Figure 3
converts the mean data from Table 10 into a percentage of a full-time job (where 37.5 hours
per week is considered a full-time job equivalent).
~
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Mean FTE of Off-Farm Work (for Farms with Off-Farm Work)
12
Table II ranks the sample farms by the amount of off-farm work undertaken. Here we see that,
overall, 55% of all farms surveyed had no off-farm work hours, while 83% had less. than 40
hours. Only 5% had a total of 80 hours or more worked off-farm.
Table II : Farms Ranked by Amount of Off-farm Work
Hours Off-farm Work Per No. of Cumulative
Week Farms % %
0 333 55.2 55.2
0-7 37 6.1 61.4
8-15 24 4.0 65.3
16-23 21 3.5 68.8
24-31 32 5.3 74.1
32-39 54 9.0 83.1
40-47 18 3.0 86.1
48-55 21 3.5 89.6
56-63 14 2.3 91.9
64-71 II 1.8 93.7
72-79 10 1.6 95.4
80-87 10 1.6 97.0
88-167 18 3.0 100.0
Total 603 100.0
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Turning now to consider only those farms with off-farm work, Table 12 presents the average
hours worked off-farm per week per adult. This shows that, in most cases, those adults who are
working are employed on a full-time basis, or close to it. There is no significant difference in
these figures between the different farm types.
Table 12 : Average Weekly Hours Worked Off-farm Per Adult
Farm Type
Off-farm Work Dairy Sheep & neef Pipfroit Kiwifruit Cropping
Mean number of hours 27.5 27.3 29.4 34.4 37.0
Median number of hours 24.0 30.0 29.0 40.0 40.0
Dairy Sheep & Beef Pipfrujt Kiwifruit Cropping
This graph shows that the hours worked off-farm by household members on kiwifruit orchards
equate on average to one full-time job. At the other end of the range, dairy and sheep and beef
households on average work the equivalent of 73% of a full-time position off-farm.
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Turning next to seasonal work, Figure 4 shows the percentage of farms of each farm type with
at least one adult involved in seasonal off-farm work.
14
in seasonal work. For this group, seasonal work is clearly an important source of off-farm
employment.
Percentage Involved in Seasonal Work
Figure 4
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Table 14 : Sex of Adult Off-farm Workers
Dairy Sheep & Pipfruit Kiwifruit Croppiug Overall Total
Beef Number
M F M F M F M F M F M F
%
Adult 1 46.8 53.2 57.5 42.5 42.9 57.1 67.9 32.1 59.4 40.6 55.8 44.2 301
Adult 2 60.0 40.0 28.1 71.9 25.0 75.0 25.0 75.0 60.0 35.74 35.7 64.3 84
Overall % 48.3 51.7 51.3 48.7 39.2 60.8 55.3 44.7 59.5 40.5 51.0 49.0
Table 14 shows what percentage of off-farm workers are male and what percentage female for
each farm type. For most farm types, the sex of the primary adult working off-farm is roughly
evenly split between male and female. The exception is kiwifruit orchards, where significantly
more of the primary adults working off-farm are male.
Where a second adult is working off-farm, a significant difference exists between the numbers
of male and female on sheep and beef, kiwifruit, and pipfruit farms. For these farm types, the
second off-farm worker is much more likely to be a female.
~Rl Cropping farms report the highest incidence of seasonal off-farm work, with over one-fifth
involved. In contrast, only just over 10% of pipfruit orchards report seasonal off-farm income.
Table 13 provides additional information for farms with off-farm work.
Table 13 : Percentage Involved iu Seasonal Work across Farms with Off-farm work
(%) Dairy Sheep & Pipfruit Khllfruit Cropping All Farm
Beef Types
Adult I 29.8 39.0 21.4 28.3 40.6 33.1
Adult 2 30.0 50.0 50.0 40.0 60.0 54.8
Total 28.3 41.4 27.5 :13.8 45.2 36.1
Taking sheep and beef farms as an example, on those farms reporting off-farm income, on 30%
of farms the first adult is employed in seasonal work, while on those sheep and beef farms
where the second adult is also working, 50% are employed in seasonal work. In total, 41% of
sheep and beef farms with off-farm employment are involved in seasonal work. Across all farm
types, 36% of farms reporting off-farm employment have seasonal employment.
This throws additional light on the results presented in Figure 4. For example, while kiwifruit
orchards showed the second highest incidence of seasonal work in Figure 4, in Table 13 we see
that only one-third of kiwifruit orchards with off-farm work had seasonal work. Sheep and beef
farms show the opposite pattern. While the incidence of involvement it" seasonal work is 3%
less than kiwifruit orchards, 41% of sheep and beef farms with off-farm work were involved
When all off-farm workers are considered, there are no significant differences between the
percentages of male and female workers.
The money earned by those working off the farm varies considerably, as shown in Table IS.
The extent of this range is reflected in the differences recorded bctween mean and median gross
income values. The overall figure refers to the total off-farm cmployment income per farm.
There is no significant difference between the five farm types with respect to employment
income earned off-farm.
Table 15 : Gross Income for those with Off-farm Work
Dairy Sheep & Beef Pipfruit Kiwifruit Cropping
Mean
Adult One 15,668 15,769 24,190 25,072 19,662
Adult Two 10,193 14,621 14,512 13,925 9,950
Overall 15,220 15,395 22,101 21,193 17,234
Median
Adult One 10,600 12,000 23,000 21,000 16,500
Adult Two 12,000 9,000 12,000 12,099 8,000
Overall 11,500 12,000 20,000 16,000 15,000
Information was also gathered in the survey on the type of off-farm employment undertaken,
shown in Table 16.
15 16
For the 60 people on dairy farms working off-farm, most were either working in farming (30%)
or clerical (28%) positions. A high number of adults on pipfruit orchards were also employed
in clerical positions. Across all farm types, the most common source of off-farm employment
was working on other farms. This was particularly true for cropping farms, involving over half
of those employed off-farm.
Table 16: Type of Off-farm Work (% of adults)
Table 17 : Off-farm Work Income by Sex of Worker
Dairy Sheep & Beef Pipfruit Kiwifruit Cropping
$ No. $ No. $ No. $ No. $ No.
Male 16,535 22 24,730 66 39,430 17 30,499 39 20,003 24
Female 14,063 25 18,805 69 17,778 27 17,289 30 13,081 16
~
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Type of Work Dairy Sheep & Piplruit Kiwifruit Cropping Overall Total
Beef
Percent (%) % No.
Prolessional 13.3 16.2 17.6 15.6 9.5 15.1 58
Managerial 8.3 14.9 11.8 13.0 9.5 12.5 48
Clerical 28.3 13.6 29.4 14.3 9.5 17.8 68
Technical 6.7 3.9 5.9 6.5 0 4.7 18
Self-employed 0 0 0 1.3 0 0.3 I
Skilled 0 1.3 0 2.6 0 1.0 4
Semi-skilled 3} 5.8 0 6.5 9.5 5.2 20
Unskilled 10.0 6.5 5.9 2.6 9.5 6.5 25
Farming 30.0 37.0 29.4 37.7 52.4 36.8 141
Total Number 60 153 51 77 42 100.0 383
There was a significant difference between the sexes in terms of mean off-farm work income
for adults with off-farm work. This is shown in Figure 5 and Table 17. For each farm type,
males earned significantly more on average than females.
Part of this difference can be explained by the fact that the female workers worked fewer hours
per week on average than their male counterparts. This difference is shown in Table 18.
Table 18 : Variation in Hours Worked OfI-Iarm by Sex
Dairy Sheep & Beef Pipfruit Kiwifruit Cropping
Hours No. Hours No. HOllrs No. Hours No. Hours No.
Male 30.3 24 28.7 61 40.4 18 43.2 41 31.7 22
Female 25.3 31 26.1 70 30.7 29 29.3 33 26.2 16
However, even allowing for differences in hours worked, there is still a significant difference
between the sexes in the amount of income earned. Except for dairy farms, where there is no
significant difference, on all other farm types, females earn significantly less than males.
Question 8: Impact of Off-Farm Work
Survey respondents were asked whether, as a result of off-farm work, they had had to re-arrange
their work activities on the farm or in the household, including hiring more labour/contractors
or unpaid help. The response for those with off-farm work is presented in Figure 6. More
kiwifruit orchards had to adjust their schedules than any other farm type, while dairy farms were
least affected by off-farm employment.
Figure 5
Off·Farm Work Income by Sex of Worker
Those who indicated that they did have to re-arrange their on-farm work were then asked to
indicate the most important changes they had made or noted as a result of off-farm work. The
results are presented in Table 19.
Figure 6
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Question 9: Off-farm Investments or Business Activities
OFF-FARM INVESTMENT
Respondents were asked if during the 1992/93 financial year, any members of their household
had any off-farm investments or business activities. Figure 7 shows the percentage of farms
which had such off-farm investments.
Figure 7
Percent of Farms With Off-Farm Investments
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Table 19 : Change Necessitated by Off-farm Work
The most common strategies adopted to cope with off-farm work were to work longer hours and
employ more farm labour. There were no significant differences between farm types overall.
Percentages Dairy Sheep & Pipfruit Kiwifruit Cropping Total No. %
Beef
More fann labour 44.4 30.3 38.5 44.4 11.1 32 35.2
Work longer 33.3 39.4 0 22.2 44.4 36 28.6
Home/family help 11.1 12.1 7.7 14.8 22.2 12 13.2
Share housework 11.1 0 46.2 14.8 22.2 13 14.3
Extra stress 0 9.1 7.7 0 0 4 4.44
Change stock types 0 3.0 0 0 0 I 1.1
Other 0 6.0 0 3.7 0 3 3.3
Total count 9 33 13 27 9 91 100.0
~
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While similar percentages of sheep and beef, pipfruit and kiwifruit properties had some form
of off-farm investment (at just over half), cropping farms stand out with 70% having off-farm
investment. On the other hand, only just over a third of dairy farmers had such investments
(excluding shares in dairy companies, which are not directly income earning).
Table 20 provides information on the type of off-farm investments held, and their average value
for each farm type. Again there is considerable variability, so both mean and median averages
are provided. Not only do a higher percentage of cropping farms have off-farm investments,
they also have a noticeably higher value of investment. Similarly dairy farms show both the
lowest incidence of investment and also the lowest average investment value.
Table 20 also gives the relative popularity of various forms of investment for each farm type.
For example, over one-fifth ofdairy farmers with off-farm investment have term deposits. For
cropping farmers, the most popular (at 43%) type of off-farm investment is shares.
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Table 20 : Average Earnings from, and Percent of Farms with Various Off-farm Investments
Dairy Sheep & Pipfruit Kiwifruit Cropping
Beef
$ % $ % $ % $ % $ %
Tenn Deposits Mean 5,542 8,111 5,135 7,152 10,921
Mcdian 3,000 20.8 3,250 24.1 3,000 27.7 3,881 29.6 4,151 20.0
Shares Mean 867 3,155 1,750 5,229 7,579
Mcdian 443 15.8 600 25.5 420 26.5 1,521 27.2 1,723 43.3
Off-fann Business Mcan 1,111 19,294 4,400 25,421 20,678
Median I, III 2.0 13,000 2.4 2,000 6.U 21,000 13.6 5,867 11.7
Other Farming Activities Meane 18,000 19,833 3,500 9,652 28,333
Median 9,000 5.9 16,500 2.0 0 4.8 607 9.9 30,000 5.0
Property Mean 6,206 5,841 16,222 7,410 17,543
Mcdian 5,350 9.9 3,120 9.9 7,150 16.9 5,000 9.9 17,150 6.7
Other Investment Mean 0 26,500 1,500 15,950 27,000
r..-fcdlan 0 0 19,000 1.4 1,500 2.4 17,300 4.9 33,000 6.7
Total From All Sources Mcan 11,290 12,338 13,023 18,793 17,893
Mcdioll 6,400 5,500 8,500 14,500 7,407
~
01 Table 21 gives some indication of how widely spread these off-farm investments are.
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Table 21 : Number of Off-farm Investment Sources
No, of Off-farm Dairy Sheep & Pipfruit Kiwifruit Cropping
Investment Sources Beef
0 64 145 39 36 18
I 17 78 20 21 23
2 17 54 13 14 14
3 3 15 8 5 4
4 0 2 3 3 I
5 0 0 0 2 0
For example, 145 sheep and beef farms had no off-farm investments, while 15 had three sources
of such investment. Among all farm types, the number of farms with more than two investment
sources drops off sharply.
Table 22 divides the total gross income from each form of investment by the number of people
in the household holding that form of investment, for each farm type. This gives an indication
of the gross investment income on a per person basis. Only those properties holding off-farm
investments are included.
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Table 22 : Mean Gross Income per Person from Off-farm Investments
Dairy Sheep & Pipfruit Kiwifruit Cropping
Beef
Tenn Deposits 3,590 5,802 3,064 4,196 7,772
Shares 673 2,222 950 2,845 8,267
Off-fann Business 1,111 19,294 3,067 19,390 14,621
Other Farming 12,167 17,500 1,750 9,013 15,833
Off-fann Property 3,988 4,489 10,044 7,035 1:,434
Table 23 provides additional information on the number of people in each household holding'
off-farm investments or other business income. For example, 64 dairy farms Gust under two-
thirds of the sample) have no investments, 17 have one member with off-farm investment, 17
have two members with off-farm investment, and 3 have three members with off-farm
investment.
Table 23 : Incidence of investment or other business income
No. of Dairy Sheep & Beef Pipfruit Kiwifruit Cropping
People
with No. of % No. of % No. of % No. of % No. of %
Investment farms farms farms farms farms
0 64 63.3 145 49.3 39 47.0 36 44.4 18 30.0
I 17 16.8 78 26.5 20 24.1 21 25.9 23 38.3
2 17 16.8 54 18.4 13 15.7 14 17.3 14 23.3
3 3 3.0 15 5.1 8 9.6 5 6.2 4 6.7
4 0 0.0 2 0.7 3 3.6 3 3.7 I 1.7
Over 4 0 0.0 0 0.0 0 0.0 2 2.5 0 0.0
Total 101 100.0 294 100.0 83 100.0 81 100.0 60 100.0
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OFF-FARM INCOME
Figure 9
In this section, off-farm income from both employment and investmentlbusiness sources is
considered. Some farms have one or other source of income, while some will have both.
The Most Important Use of Off-Farm Income
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In some cases the results for individual farm types differed from these overall rankings. For
example, sheep and beef farms had a high average level (16.2%) of income going on children's
education, while pipfruit had no off-farm income spent on farm working expenses.
Household expenses were ranked top in order of importance by all farming types. Personal
drawings and/or farm working expenses were next most important, followed by education.
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Figure 8
Figure 8 shows the percentage of each farm class receiving off-farm income from any source.
Overall, almost three-quarters of farms have some form of off-farm income. No farm type is
significantly different from this.
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Pipfrult Kiwifruit Cropping Overall A very significant exception was the high average proportion of off-farm income (33.3%) spent
on-farm working expenses on cropping farms.
Table 24 gives some indication of the amount of off-farm income received on average in each
farm class. As with the earlier results, there is considerable variability within each class. As a
group, kiwifruit orchards have the highest level of off-farm income.
Table 24 : Total Off-farm Income from Off-farm Work and Off-farm Investment ($)
Question 11: Importance of Off-farm Income to the Household and Business
Respondents were asked to rate how important they felt off-farm income was for both household
and farm business use. The results for the household rankings are given in Table 25. The overall
results for all farm types are also presented in Figure 10.
Dairy Sheep & Pipfruit Kiwifruit Cropping
Beef
Those with Off-farm Income Mean 19,277 19.400 24,508 34,782 27,800
Median 13,881 11,886 17,800 30,000 22,950
Across All Farms Mean 10,364 11,766 17,091 28,290 21,843
Median 1,350 1,800 9,720 25,000 14,250
Question 10: What is the Most Important Use of Off-farm Income?
The farms (of all types) recelVlng some form of off-farm income were asked what they
considered to be the most important use for this money. The results are depicted in Figun: 9.
Table 25: Importance of Orr-farm Income to the Household (%)
Dairy Sheep Piprruit Kiwifruit Cropping Overall No. of
& Beer % Farms
Essential 23.7 17.8 31.1 58.2 17.6 26.8 118
Important 3.4 27.4 19.7 19.4 15.7 20.9 92
Useful 39.0 25.0 24.6 7.5 33.3 24.8 112
Somewhat Useful 18.6 7.7 4.9 3.0 9.8 8.4 37
Unimportant 10.2 19.2 18.0 11.9 21.6 16.7 76
Unknown 5.1 2.9 1.6 0 2.0 2.4 II
Total No. or Farms 59 208 61 67 51 100.0 446
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Table 26: Importance of Off-farm Income to the Farm Business (%)
Dairy Sheep & Pipfrui! Kiwifruit Cropping Overall No. of
Beef % Farms
Essential 18.6 13.0 26.2 41.8 9.8 19.6 87
Important 5.1 18.3 18.0 22.4 23.5 17.8 79
Useful 18.6 17.3 9.8 13.4 19.6 16.3 72
Somewhat Useful 11.9 12.5 9.8 4.5 13.7 10.8 49
Unimportant 40.7 35.6 34.4 17.9 31.4 33.0 147
Unknown 5.1 3.4 1.6 0 2.0 2.6 12
Total No. of Famls 59 208 61 67 51 100.0 446
Table 26 presents the results for the importance of off-farm income to the farm business. Again,
the overall results for all farm types combined have been produced as a pie chart, in Figure II.
Figure I I
Importance Of Off-Farm Income to the Farm Business
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On average, almost half (47.7%) of those with otT-farm income considered it either important
or essential for the household. Dairy farms (at 27.1 %) differed significantly and kiwifruit
orchards (at 77.5%) very significantly from this average.
On average, almost three-quarters (72.5%) of those with off-farm income felt it was useful,
important or essential for the household. There was no significant variation from this by farm
type.
Other significant differences by farming type from the average were as follows.
Dairy was very significantly low in the number of farms in which the off-farm income was
considered important for the household, but significantly high in the number who felt it was
useful and very high in the number who thought it was somewhat useful for the household.
Sheep and beef was significantly low in the number who felt the income was essential to the
household but high in the number who felt it was important for the household.
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Kiwifruit farms had an extremely high proportion who felt the income was essential for the
household - over twice the average - and also had a significantly low number who felt the
income was useful.
Pipfruit and cropping did not show any appreciable variation from the average trend.
In comparison to its importance for the household, just over one-third (37.4%) felt off-farm
income was either important or essential to the farm business on average; and only half (53.7)
said that the income was useful, important or essential. One third felt it was unimportant for
the farm business.
As with the response for importance to the household, kiwifruit orchardists rated off-farm
income as much more important to the farm business than did others (64% of kiwifruit
orchardists rated off-farm income as important or essential compared to an average of 32% for
the rest; this difference is very highly significant).
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Importance to Household and Business
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Figure 12
Overall, 38.4% of respondents with off-farm income rated it as either essential or important for
the household and/or the business. Of these, 90% (34.5% overall) believed it was essential or
important for both the household and the business; 8.1 % considered it essential or important for
the household but unimportant or somewhat useful for the business; and 1.5% thought it was
essential or important for the business but unimportant or somewhat useful for the household. 60
Off-Farm Income as a % of Gross Farm Revenue
(for farms with off-farm income)
56.6
On the other hand, 33.9% of those with off-farm income considered it to be unimportant for the
household and/or the business, and a further 11.1 % felt it was only somewhat useful for the
household and/or the business.
Of those who felt it was either unimportant or somewhat useful, only 51.8% (23.3% overall)
felt it was unimportant or somewhat useful for both the household and the business, and only
43% of those who thought it was unimportant (14.7% overall) felt that way for both the
household and the business.
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Another indication of the importance of off-farm income can be gained by calculating off-farm
income as a percentage of total farm income (both gross and net disposable "profit").
Table 27 gives off-farm income as a percent of gross farm revenue, both for farms with off-farm
~ income and over all farms. The mean results for those farms with off-farm income is also
~ presented graphically in Figure 12. --
Table 27 : Off-farm Income as a Percent of Gross Farm Revenue
Dairy Sheep & PipFrui! KiwiFruit Cropping
BeeF
Farms with Off-farm Income Mean 14.4 19.9 56.6 45.5 25.4
Median 8.3 7.6 9.1 29.8 13.6
Across All Farms Mean 8.4 13.6 41.4 37.2 22.9
Median 2.2 2.4 3.6 19.1 9.5
For the pastoral farms with off-farm income, this is relatively moderate (14-20%) compared to
income from farming sources. For cropping farms off-farm income is somewhat more important
at around 25%, while for pipfruit and kiwifruit it is quite significant at up around 50%.
Table 28 shows off-farm income as a percentage of disposable farm income, defined as farm
profit plus off-farm income. Figure 13 shows average percentages for farms with off-farm
income.
Table 28 : Off-farm Income as a Percent of Disposable Farm Income
Dairy Sheep & Pipfruit Kiwifruit Cropping
Beef
Farms with Off-farm Income Mean 37.1 65.5 90.0 69.5 36.2
Median 23.4 18.1 31.2 73.3 37.1
Across All Farms Mean 22.2 45.2 66.5 58.4 32.7
Median 6.9 6.7 12.3 52.3 29.2
At the disposable income level, off-farm income assumes a greater importance relative to farm
income. Dairying and cropping are at the lower end of the scale at just over one-third, while
for sheep and beef and kiwifruit it represents a quite significant two-thirds, and for pipfruit it
represents virtually all of disposable income.
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CORRELAnONS
Figure 13
Off-Farm Income as a percent of Disposable Income
(for farms with off-farm income)
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A number of correlations were carried out on the data, to test for relationships between given
factors. The results are presented in this section.
Size of Property
OFF-FARM WORK
Table 29 : Size of Property Correlated to Off-farm Work Income
Mean Median
Without With Ratio Without With Ratio
off-farm off-farm off-farm off-farm
Work Income Work Income Work Income Work Income
Dairy 107.2 83.3 0.78 76.0 68.0 0.89
Sheep & Beef 719.6 364.1 0.51 251.4 242.6 0.96
Pipfruit 28.7 15.8 0.55 17.6 10.0 0.57
Kiwifruit 18.4 18.1 0.98 12.5 11.0 0.88
Cropping 334.9 202.1 0.60 241.5 166.5 0.69
(a)
Table 29 presents the difference in median farm size between farms with and without income
from off-farm employment. The median was used because of a few extreme value~ which
distorted the mean.
36.2
Cropping
69.5
KiwifruitPipfruit
65.5
Sheep & Beef
90
80
70
60
50
%
40 1 37.1
30
20
10
0
Dairy
~
U1
\0
With the exception of kiwifruit, farms with off-farm work income are significantly smaller than
farms without off-farm work income.
(b) Number of Full-time Equivalent Workers On-farm
Table 30 compares the number of full-time equivalent workers employed by farms with and
without income from off-farm work. For all farm types, farms without off-farm work income
employ more workers (in terms of full-time equivalents). This perhaps reflects the larger size
of these properties, as revealed above.
Table 30 : Average Full-lime Equivalent Workers
Dairy Sheep & Pipfruit Kiwifruit Cropping
Beef
Without off-farm work income 2.3 2.8 5.5 2.8 2.7
With off-farm work income 2.0 2.1 3.3 2.1 2.0
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(c) Number of People Supported by Farm Income
2 OFF-FARM INVESTMENT
The average number of people supported by the farm income did not vary significantly between
those farms with off-farm work income and those without. (a) Number of Owners
The number of owners l.iving on-farm makes no significant difference to whether the farm has
off-farm work.
Overall, there is no significant relationship between the incidence of off-farm investment and
either the number of owners in total or the number of owners living on-farm.
Table 31 compares the average gross farm revenue for farms with off-farm work income and
those without. There is no significant correlation between off-farm investment and the number of people
supported by the farm.
(d) Gross Farm Revenue
(b) Number of People Supported
Table 31 : Off-farm Work Income vs Gross Revenue ($)
(d) Full-time Workers
(c) Size of Property
(e) Gross Revenue
Table 32 compares both mean and median levels of gross farm revenue for farms with and
without income from off-farm investment or outside business interests,
There is no significant variation in property size between those farms with off-farm investment,
and those without.
No relationship exists between the existence of off-farm investment and the number of full-time
equivalent workers on-farm,
I Dairy I Sheep & I Pipfruit I Kiwifruit ICroppingBeef
Mean
Without off-farm work income I 186,011 I 208.424 I 344,182 I 195,252 I 337,009
With off-farm work income I 159,245 I 169,465 I 176,262 I 143,192 I 260,038
Median
Without off-farm work income I 153.,785 I 130.000 I 296,598 I 139,329 I 291,000
With off-farm work income I 149,564 I 130,000 I 139,000 I 97,539 I 166,000~
0'\
o Mean gross incomes of farms without off-farm work income are significantly higher for all
farming types than farms with off-farm work income. When using the median however, gross
revenues of farms without off-farm work income are significantly higher for pipfruit, kiwifruit
and cropping farms only and not for dairy or sheep and beef farms.
Table 32 : Average Levels of Gross Farm Revenue ($)
Dairy Sheep & Pipfruit Kiwifruit Cropping
Beef
Farms with Off-farm Mean 207,880 229,959 279,423 170,810 286,262
Investment
Median 180,500 133,432 216,100 125,392 258,000
Farms without Off-farm Mean 155,025 153,163 246,543 150,909 311,807
Investment
Median 145,000 120,000 186,600 106,000 232,500
Both the mean and the median gross revenue figures are lower on farms without investment than
those with off-farm investment, with the exception of the mean figures for cropping, Median
gross farm revenue on farms without off-farm investment is between 80% and 90% of the
median gross farm revenue on farms with off-farm investment for each of the farm types.
3 OFF-FARM INCOME
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Those households who ranked off-farm income most important undertook the most hours of 01'1'-
farm work, while those who considered it unimportant did the fewest hours, on average.
(a) Importance of off-farm incomt: to the household in relation to farm profit
Table 33 gives the median level of farm profit for the farms rating off-farm income at each
level of importance. Thenumber of farms in each category is also provided.
Table 33 : Importance of off-farm income to household relative to median profit level
Importance to Dairy Sheep & Beef Pipfruit Kiwifruit Cropping Overall
Household $ No. $ No. $ No. $ No. $ No. $ No.
Essential 20,000 12 18,000 30 12,000 15 -I7'7 38 13.020 9 10,293 104
Important 0 37,662 48 21,409 10 4,000 II 31,500 8 30,077 77
Useful 56,862 20 40,000 45 67,900 13 84,117 5 53,609 13 51,432 96
Somewhat Useful 56,000 9 68,000 15 37,629 3 57,895 2 25,300 4 56,178 33
Unimportant 48,000 5 39,347 31 82,466 II 9,100 7 78,500 8 49,332 62
Total No. 46 169 52 63 42 372
A significant pattern emerges, with median profit levels increasing as the importance of off-farm
income decreases. This is true overall, and for each of the farm types. Clearly, as the farm
produces more income itself, the importance of external sources of income reduces.
~ A similar correlation existed for mean profit levels, except for sheep and beef. This exception
~ was because of an unusually high mean profit level associated with the "important" classification
for sheep and beef which was due to an outlier value ($1,531,000) affecting the mean.
There was variation from this trend for average hours/week by individual farm type. In each
case, however, the highest number of hours per week was associated with those households
where the income was felt to be essential; and the least number of hours/week was associated
with situations where the income was said to be either somewhat useful or unimportant.
Table 35 presents the same information, but ranked by importance to the farm business rather
than household. The relationship in this case is not as strong.
Table 35 : Total Hours Worked Off-Farm By Importance of Off-Farm Income to Farm
Business
Importance to the Farm Bnsiness All Farm Types
Hours/week No.offarms
Essential 41.2 84
Important 32.8 72
Useful 18.2 67
Somewhat Useful 20.1 43
Unimportant 18.8 140
Overall, a much greater number of farms felt that the off-farm income was unimportant to the
farm business than for the household. Variation by farm type was also greater than for the
comparison with importance to the household, particularly for kiwifruit orchards which did not
exhibit any clear correlation.
Overall, similar relationships also applied between median and mean profit levels and the levels
of importance to the farm business. (c) )mportance of Off-farm Income vs Size of the Property
(b) Importance of off-farm income in relation to total hours worked off-farm
Looking first at the importance of off-farm income to the household, there were mixed results
when comparing farm size among the categories of importance.
There is a correlation between mean off-farm work hours and how important off-farm income
is to the household. This is shown in Table 34, below.
Table 34 : Total Hours Worked Off-Farm By Importance of Off-Farm Income to Honsehold
Importance to the Household All Farm Types
Hours/week No.offarms
Essential 43.3 118
Important 24.5 85
Useful 18.6 107
Somewhat Useful 15.5 34
Unimportant 12.5 70
Table 36 : Mean Size (ha) of Property Relative to Importance of Off-Farm Income to Household
Importance to the Dairy Sheep & Beef Pipfruit Kiwifruit Cropping
Household Ha Farms Ha Farms Ha Farms Iia Farms Ha Farms
Essential 99.7 14 379.0 36 19.4 19 13.9 39 115.2 9
Important 58.0 2 764.1 57 9.6 12 19.8 13 268.3 8
Useful 81.5 23 620.8 52 20.3 15 41.4 5 254.\ 17
Somewhat Useful 87.6 II 384.3 16 18.3 3 46.5 2 221.2 5
Unimportant 100.3 6 487.0 40 20.7 1\ 20.6 8 290.9 1\
~
0\
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Dairy, and sheep and beef farms did not show any clear correlation with either mean or median
size of the property. For kiwifruit and cropping enterprises, both the mean and the median size
of the farms was considerable smaller where the income was considered essential to the
household than those farms where it was not. Pipfruit orchards exhibited this trend for median
values but not for the means.
Turning to the importance of off-farm income to the farm business, some difference in results
was obtained, shown in Table 37.
Table 37 : Mean Size (ha) of Property Relative to Importance of Off-Farm Income to Farm Business
Dairy Sheep & Beef Pipfruit Kiwifruit Cropping
Importance to the Farm
HaBusiness Ha Farms Ha F,ums Farms Ha Farms Ha Farms
Essential 112.3 II 343.0 27 22.9 16 16.7 28 102.8 5
Important 69.3 3 380.0 37 14.1 II 12.3 15 228.5 12
Useful 90.4 II 328.6 36 11.7 6 38.5 9 192.5 10
Somewhat Useful 76.3 7 485.0 26 13.1 6 10.3 3 204.9 7
Unimportant 82.8 24 908.1 74 19.0 21 27.3 12 324.6 16
Both the mean and median size of sheep and beef farms was significantly larger where the off-
farm income was deemed to be of low importance (somewhat useful or unimportant). The mean
for these two categories, on sheep and beef farms is 798.1 ha, which is in contrast to the results
for importance to the household.
Mean size of dairy farms was considerably larger on farms where the income was considered
essential into the business, but this pattern did not emerge when the median was used.
Similar to the results above for importance to the household, the mean and median size of
cropping farms was significantly smaller where the income was considered essential to the farm
business, and significantly larger where income was unimportant.
(d) Importance of off-farm income vs the number of owners
The only notable relationship between the number of owners and the importance given to off-
farm income was that on pipfruit and cropping farms there were no single owners who
considered that off-farm income was essential for either the household or for the farm business.
(e) Off-farm Income vs Off-farm Investment
Overall, 26.2% of all respondents had neither off-farm work nor off-farm investment; 48.6%
had either only off-farm work (26.1%) or only off-farm investment (22.5%); and 25.0% had
both sources of income.
The only significant variations by farm type were the high percentage (36.7%) of dairy farms
having neither off-farm work nor off-farm investment, and the high percentage (37.0%) of
kiwifruit orchards and cropping farms having both.
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(f) Off-farm Income vs Number of Owners
Overall, by farm type, there was no significant correlation between off-farm income and number
of owners. By comparison, there is some correlation between those with off-farm work and
number of owners. Significantly fewer members of single owner farms had off-farm work
(37.7%) on average than those from multiple ownership farms. For those farms with two or
more owners, the split, both individually and collectively, is about 50:50 between those with off-
farm work and those without.
(g) Off-farm Income versus Gross Farm Revenue
Table 38 compares gross farm revenue for farms with and without off-farm income from any
source.
Table 38 : Off-farm Income vs Gross Revenue ($)
I Dairy I Sheep & I Pipfruit I Kiwifruit ICroppingBeef
Mean
Without off-farm income I 169,732 I 157,814 I 315,514 I 198,448 I 597,500
With off-farm income I 176,298 I 205,755 I 248,446 I 154,566 I 266,096
Median
Without off-farm income I 149,000 I 116,000 I 273,756 I 145,000 I 450,000
With off-farm income I 150,000 I 130,000 I 185,500 I 108,570 I 232,500
For pipfruit, kiwifruit and cropping enterprises, a significantly higher gross revenue is associated
with those farms without off-farm income than those with. Sheep and beef farms exhibit the
opposite correlation and there is no significant difference on dairy farms.
CONCLUSION
The survey shows that off-farm income is a significant feature on a significant number of farms,
across all farm types. It has a major input into the level of disposable income available, and
hence could be considered an important factor in the financial viability of those farms.
As those farms with off-farm work income were smaller than those without, and given the
continuing cost/price squeeze affecting farming, it is likely that farmers will be looking to
maintain their off-farm work, and more seeking to finding it.
Given the significance of off-farm income to farming, and the range of activities and
investments used to generate this income, the definition of what is a "bone fide" farm or
"economic" unit is increasingly harder to define.
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Appendix 1: OFF-FARM INCOME SURVEY
OFF-FARM WORK
If no one has off-farm work, go to Question 9.
For your farm during the 1992/93 accounting year, what was the:
§Farm Operating Costs
Debt Servicing Costs
Gross Revenue
Q6
B
B
In the family household (i.e. the household completing this survey) what is
the number of:
How many of these owners live on the farm.
What was the number of owners in the farm business as at 30 June 1993.
- adults
- children
QI
Q2
Q3
Sex Ave Type of work Is the Gross
M/F hours work Income
worked seasonal $
per week YeslNo
Adults 1
2
3
4
Children 1
2
3
Q8b IF YES, What is the most important change?
If any household members had off-farm work in the 1992/93 accounting year,
please complete the following grid (one line for each family member).
~
0'\
CJJ
Q4
Q5
What are the ages of these adults and children
How many people are supported by the farm income. D
How many people, paid or unpaid, worked on the farm in the 1992/93
accounting y~ar and how long did they work for?
To answer this, please fill in the following boxes, firstly for family workers (a)
and secondly for other workers (b).
To calculale Ihe number (If weeks worked:
For total weeks worked, add up the weeks worked by people in that group. E.g.,
if lOnon-household people worked on a temporary basis for two weeks and
another two people worked temporarily for 12 weeks, the total weeks worked
would be (lOx2) + (2x 12) = 44.
If unsure, please leave blank until contacted by our interviewer.
Full-time Part-time Temporary
30 hours or Less than 30 (contract!
more per hours per seasonal)
week week
(a) Family Household
Number who worked
Total no. weeks worked
(b) Other Workers
(incl other family not in
the household)
Number who worked
Total no. weeks worked
Q7
Q8a Has off-farm work by your household members required a re-
arrangement of work activities on the farm or in the household
including hiring of more labour/contractors or unpaid help since
the start of the 1992/93 year?
Yes No
CD
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OFF-FARM INVESTMENTS OR BUSINESS ACTIVITIES
If no one has off-farm investments or business activities, go to Qll.
Qlla On a scale of I to 5, how important is this income to your family household?
Please circle.
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Q9 During the year to 30 June 1993, if any members of your household had any off-
farm investments or business activities please indicate the number that had these
investments:
Essential
2
Important
3
Useful
4
Somewhat
Useful
5
Unimportant
No of Total Gross
People Income
1992/93
$
Q II b On a scale of I to 5, how important is this income to your farm business?
Please circle.
Term Deposits
Shares
Business
Other farming activities
Essential
2
Important
3
Useful
4
Somewhat
Useful
5
Unimportant
Property
Other (please specify)
~
~ USE OF INCOME FROM WORK OR INVESTMENTS
QIO How is off-farm income from either work (Q8) or investment (Q9) used by your
household in the farm business?
Before finishing - Would you care to make any comments?
If more than one box is ticked, please circle the most important.
(i) Household expenses
(ii) Personal drawings
(iii) Children's education
(iv) For farm working expenses
(i.e. fertiliser/fencing/R&M to keep the farm operating)
(v) Debt servicing
(vi) Farm development/expansion
(vii) Other (please specify) _
2
3
4
~
~
0\
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PASTORAL SECTOR FARM INCOME, EXPENDITURE & INVESTMENT MODEL:
PRELIMINARY MODELLING RESULTS
Ram SriRamaratnam, Rod Forbes, Prakash Narayan & Richard Wallace
MAF Agriculture Policy, PO Box 2526, Wellington
ABSTRACT
The current Pastoral Model operational within MAF Agriculture Policy since 1990 focuses only
on the inventory and production responses of pastoral farmers. As this model does not take into
account the two-way linkage between the production and inventory decisions and income,
expenditure and investment responses of pastoral fanners, it is prone to produce forecasts not
always consistent with some developments related to farm incomes, expenditure and investment
observed in the sector.
In this paper, recent development of the pastoral income, expenditure and investment sub-model
and associated results are reported. This model is conceptually similar to the investment model
developed at Lincoln University first with data up to 1981 and then updated to 1986. The
income, expenditure and investment model reported in this paper uses data up to 1993 and also
re-specifies equations to rellect recent changes in the industry. The results appear to be quite
promising. The developed sub-model will in due course be linked to the inventory and
production sub-model.
I. INTRODUCTION
Recent developments in the forestry sector have led to heightened interest in both plantation and
farm forestry. Some commentators suggest that this interest, if sustained, could lead to greater
competition for land and capital resources between pastoral and forestry activities in the near
future. It is thus prudent to investigate the possibility of incorporating forestry related
investment and production relationships in a "comprehensive" pastoral model. At present, the
forestry land area developments are being modelled and reported separately (Forbes and
SriRamaratnam, 1995), but will subsequently be linked to the Pastoral Model.
In this paper, the main objectives of this study are identified first in the next section followed
by a discussion of the conceptual framework of the income, expenditure and investment model
which was developed. This includes the equation structure used in the estimated model. Data-
definitions, data sources and data derivations are covered in the next section. This is followed
by an outline of the estimation methods used and the results of estimation. The final section
summarises the main results and identifies areas for further improvement. Variables used in the
model are described in Appendix I as well as in the main paper. Details on the derivation of
capital stock data and the service prices are included as Appendices 2 and 3, respectively.
II. OBJECTIVES
The main objectives of this study were to:
(a) develop the conceptual framework for the farm incomes, expenditure and invcstment sub-
model;
(b) identify the endogenous and exogenous variables required for the model;
(c) assemble the data for the study period (1973-1993) corresponding to the identified
variables;
The Pastoral Sector Supply Response model (Pastoral Model) has been in operation within MAF
Agriculture Policy for about five years now. This model currently focuses only on the inventory
and production responses of pastoral farmers. This model does not take into account the
linkages between the production and inventory decisions and incomes, expenditure and
investment responses of pastoral farmers. It is thus likely to produce forecasts which are not
always consistent with some observed developments in the pastoral sector.
Development of the farm income, expenditure and investment sub-model and its incorporation
into the Pastoral Model will help better understand and explain the medium term forecasts
arising from the Pastoral Model. This is useful when deriving the Gross Agriculture Sector
Production, Revenue and Expenditure forecasts and presenting results derived from these
forecasts to agencies such as the New Zealand Treasury.
(d)
(e)
decide on the appropriate estimation method, carry out the necessary estimation and
report the results; and
identify the linkages between this sub-model and the inventory and production model
currently operational within the Pastoral Model.
III. CONCEPTUAL MODEL OF PASTORAL PRODUCTION INCOME AND
INVESTMENT
This paper reports early results of an ongoing study into farm incomes, expenditure and investment responses in
the New Zealand pastoral sector.
The views expressed in this paper are those of the authors and do not necessarily reflect the official view of the
Ministry of Agriculture and Fisheries. The helpful suggestions and assistance of Chris Dake and Jagdish Prasad
are acknowledged. Word processing assistance of Denise Taylor is very much appreciated. Errors and omissions
remain the responsibility of the authors.
Overview of the Model
The main focus of this model is the supply dynamics in the livestock industry. This depends
on the decision making of the individual farmers involved. Most econometric models of
livestock response have conceived the farmers decision-making process as a constrained dynamic
optimisation problem. The usual assumption made about farmers' objective is to maximise
profits over time subject to constraints related to the production process and the fixed resources
owned by the farmers (Laing and Zwart, 1983). This implies that farmers select variable input
levels and capital investment levels to achieve this objective. Figure 1: Schematic Representation of Pastoral Sector Production & Investment Model
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The validity of utilising an underlying normative criteria for the investment behaviour in the
dairy industry has been evaluated (Narayan, Dake and SriRamaratnain, 1993). Aggregation
issues and temporal considerations playa part in this decision along with the lags in adjustment
usually found between optimal and actual investment behaviour. The fully 'positive'
representation of the inventory and production responses of pastoral farmers in the current
Pastoral Model also warrants consideration. This approach emphasises past behavioural patterns
as determining future input and investment decisions, without explicitly imposing a normative
criterion on their decision making.
A more general view of the decision process is needed in an aggregate model such as that
developed in this study. Due to the importance of farm investment in determining the level of
livestock numbers and per head performance of livestock, changes in capital stocks or net
investments are treated as endogenous variables. Farm investment decisions are related to
current output and product prices through income. Income acts as a constraint to investment
either through being a direct source of investment funds or through the ability to service debt
which is associated with capital expenditurc.
A schematic represcntation of the Pastoral Sector Production and Investment Model is provided
in figure l. This now chart illustrates the general linkages between the livestock numbers and
production sub-modcl already operational and the farm income, expenditure and investment sub-
model being developed and presented in this paper.
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Corresponding aggregate national data was not readily available for a sufficient length of lime. hence the
use of farm income data. Some national income and expenditure data is available from the System of
National Accounts (SNA), but they are derived from other data sources and sometimes obtained through
interpolation.
Farm level income and expenditure relationships estimated from the survey data are linked to
national production and inventory levels and also to aggregate capital investment and capital
stock levels through relevant behavioural relationships.
A significant proportion of the data on income and expenditure is available at the farm level
through annual farm surveys. which provide insights to the farmer decision making process I.
This data is available from the New Zealand Meat and Wool Boards' Economic Service
(NZMWBES) for the sheep and beef farms and from the New Zealand Dairy Board's Livestock
Improvement Corporation (NZDB-LIC) for dairy farms.
Model Specification
This sub-model will attempt to understand and explain the manner in which farm input and
investment decisions are made in relation to changes in farm income levels. These incomes are
derived from output levels estimated by the pastoral inventory and production sub-model
currently operational within MAF Agriculture Policy. This represents the consequences of
aggregate output and livestock inventory decisions of pastoral farmers.
~
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Exogenous influences on income and investment decisions include: input prices (eg, fertiliser
price), farmgate product prices, interest rates, depreciation rates, taxation allowances and the
price of available assets such as land development and construction, farm buildings, and plant,
machinery and transport equipment on farms.
Investment decisions are to be modelled with farmers investing their available net income after
farm expenditure, personal drawings and taxes, on the above alternative assets. Through this
investment process the income sub-model links back to the inventory and production sub-model.
Investment in land development is an important determinant of aggregate livestock numbers,
particularly during an expansionary phase, as it affects the carrying c"pacity of land. Investment
in buildings is also a major factor affecting stock levels, especially in dairy farming due to the
importance of dairy sheds and the associated dairy technology.
Income
This initially comprises the specification of gross and net farm income identities for the sheep,
beef and dairy farms associated with varying output and product prices as well as farm
expenditure levels, respectively. Previous specifications have considered the sheep and beef
activities together due to the constraints with disaggregating expenditure on sheep and beef
farms, even though income sources are fully distinguishable and some working expenditure and
capital investment expenditure are activity speci fic.
The scope for the separation of beef and sheep sectors was investigated with respect to data
availability and needed manipulations, since it would have provided separate linkages with these
two activities modelled separately in the inventory ano production sub-model. While sheep and
beef gross income data on individual components is available, tbe combined nature of
expenditure decisions on sheep and beef farms and enterprise complementarity however,
precluded a separation of the expenditure related to these enterprises.
Expenditure
The expenditure equations are mainly a function of income and input price levels, along with
stock levels and capital intensity as they influence the level of cash expenditure. Four major
categories of cash expenditure are identified: fertiliser use, repairs and maintenance, depreciation
and other factors.
Expenditure on vehicles, fuel and electricity (ie, energy), which together has accounted for more
than 10 per cent of total farm cash expenditure in many years, was modelled separately in the
case of sheep and beef farms only. Sufficiently long time series data on this expenditure
category was not available for dairy farms, which utilise more energy than sheep and beef farms,
as this data has only been recorded by NZDB-LIC since 1982.
Tax expenditure on sheep and beef farms was specified as a function of changes in gross income
and previous year's taxable net income. Taxable net income is the available net income, less
changes in depreciation. Changes to taxation and depreciation guidelines were also incorporated
in these relationships. Prior to the 1991/92 financial year, farmers who retained stock to build
up their herds paid tax on the unrealised income, but are now able to spread tax liabilities over
a period of up to three years.
Other changes to agricultural tax rules included amendments to livestock valuation methods and
the capitalization of some land development expenditure which was previously tax deductible.
There was also an overall review of depreciation nlethods which has given tax payers the choice
and a likely move from a diminishing value to a straight line methodology. A lack of detailed
dairy farm financial survey data and/or their confidentiality within the dairy industry has
precluded modelling the tax expenditure on dairy farms.
Investment
The equations representing investments in land development, buildings, plant, machinery and
vehicles were represented as portfolio decisions in the investment process. The asset demand
relationships included both the level and change in available net income, lagged level of each
endogenous asset and the returns to each of the assets, which incorporate a measure of the cost
of assets.
The concept of a 'service price' was also used (Evans and Morgan, 1982), as this provided a
useful means of measuring the true cost of obtaining the services of additional units of an asset.
A measure of the profitability of extra investment in any particular physical input was calculated
from the ratio of real output prices to the service price (Laing and Zwart, 1983).
Factors of Production
Among the main factors of production in agriculture, land and capital have been treated
explicitly in past specifications and rents, interest charges and principal repayments, respectively
viewed as payment to these factors.
An important factor of production, labour, was not modelled separately in the past. This was
the case in spite of the expenditure on wages, shearing contracts, sharemilking arrangements etc
being much greater than the expenditure on fertilisers and repairs and maintenance, which were
estimated separately. This deficiency in past formulations was addressed in the case of sheep
and beef farms as it was unsatisfactory for payments to labour to be modelled as part of 'other
expenditure'. Once again limited time series data for the dairy farms precluded labour
expenditure from being modelled separately.
A theoretically preferred method of estimating these relationships is through a factor demand,
or factor share approach, within a systems two stage approach. But quite often the empirical
estimates do not turn out to be robust due to problems with the quality of available time series
data. This approach was nevertheless considered as a possible specification for estimation, but
was not adopted in this study.
Model Equation Structure
Farm gate prices influence deci~ions on the level of livestock numbers which in turn inl1uence
total production and also income. Income must then be allocated among working expenditure,
consumption (drawings), physical and financial asset purchases and tax payments.
Working expenditure in this model is subdivided into four categories for both sheep and beef
as well as dairy farms: (i) fertiliser, (ii) repairs and maintenance, (iii) interest, and (iv) 'other'.
Farm Expenditure (TCE)
- Dairy Gross Income (DGY)
(QBV-Bobby Veal, BCVRD-Dairy Calves Retained for Beef, PMB-
Manuf. Beef Price)
For sheep and beef farms, (v) wages, and (vi) vehicles, fuel and electricity are additional
categories.
Interest payments are separated as an expenditure category and modelled as an identity. This is
due to their dependence on the level of debt or total liabilities, which forms a part of the
financial portfolio, and the effective iuterest rate paid by farmers.
A farmer is modelled as allocating the remaining income, after meeting working expenditure,
to drawings, portfolio adjustments or tax. Tax payments being largely determined by the level
of previous year's taxable income, key decisions relate to the level of drawings and individual
assets in the portfolio. (b)
DGY =
DGYMLK = 1'4
DGYO = 1',
Milk (DGYMLK) + Other (DGYO)
(QML-Milkfat, PD-Milkfat Price)
------ (2)
Besides livestock (animate assets), six categories of (inanimate) assets are included in the
portfolio comprising two financial assets and four physical assets as follows:
MBFERT = 1'6 (MBGY-Income Level, CMBGY-Change in Income, NPFERT-Price of
Fertiliser, TSBSU(-I) - Opening Sheep & Beef Stock Units, SBCINT(-l)
- Opening Total S&B Capital Intensity Per Stock Unit)
- Sheep and Beef Total Cash Expenditure (MBTCE)
Financial
I. Debt repayment
2. Off-farm investment
Physical
1. Land purchase
2. Land development
3. Farm buildings
4. Plant, machinery and vehicles
MBTCE = Fertiliser(MBFERT) + Repairs & Maintenance(MBRM)
+ Wages(MBWAGE) + Vehicles,fuel & Elect.(MBVFE)
+ Interest (MBINT) + Other(MBOCE) ------ (3)
~ Off-farm investment is largely made up of shares, bank deposits and other business ventures.g; Debt includes mortgages and overdrafts and is included as a negative asset in the portfolio. MBRM = 1'7 (MBGY, CMBGY, RIRM-Price Index for Rep.& Main,TSBSU(-I), CSBSU-Change in S&B Stk. Units)
A
(a)
FARM LEVEL DISPOSITION OF GROSS INCOME
Gross Income2 (GY)
• Sheep and Beef Gross Income (MBGY)
MBWAGE = fH (MBGY, CMBGY, RISWAGE-Price Index for Wages,
RSTKTSB(-I)-Opening Total S&B Capital Stocks, T-Time Trend)
MBVFE = 1'9 (MBGY, CMBGY, RIENGY-Price Index for Energy, TSBSU(-I),
CSBSU, SBCIPM(-I)-Opening Plant & Mach. Captl. Inty. Per Stk Unit,
STKPMSB(-l) - Opening S&B P&M Captl. Stks, T-Time)
MBGY = Wool (MBGYW) + Sheepmeats (MBGYS) + Beef (MBGYB)
+ Other (MBGYO)
------- (I) MBINT = (MBTLB(-I) - Total Liabilities Previous Period
* MBFINTR - S&B Effective Interest Rate) ------ (4)
MBGYW = 1', (QSWL-Shorn Wool, PW-Wool Price)
MBGYS = f2
MBGYB = 1',
MBGYO =
(QSM-Sheepmeats, PL-Lamb Price, PM-Mutton Price, KSC-Change
in Total Sheep)
(QB-Beef, PPB-Prime beef Price, PMB-Manuf. Beef Price, KTCBC-
Change in Tot. Beef Cattle)
Other Income treated as an exogenous variable
MBOCE = 1'10 (MBGY, CMBGY, RIOTHR-Price Index for Other Expend., TSBSU(-l),
SBCINT(-I), RSTKTSB(-I))
MDPRCN = 1'" (TXDPAPM-Tax Depn, Allowance for Pint & Mach, TXDPABD-Tax
Depn. Allow, Buildings, TXDPALD- Tax Depn. Allow. Land Devt.,
GITSB- S&B Gross Investment)
MBTAX = 1"2 (CMBGy, MBTXNY(-I)-Taxable Inc, Prevo Period)
- Dairy Total Cash Expenditure (DTCE)
Gross income used was net of interest expenditure for the years from 1986, when interest payments have
been quite high.
DTCE= Fertiliser(DFERT) + Repairs & Maintenance(DRM)
+ Interest (DINT) + Other(DND) ------ (5)
DFERT = fl1 (DGYD-Income Level, NPFERT-Price of Fert., DSU(-I)-Opening Dairy
Stk. Units, DYCILD(-I) - Opening Land Captl Intensity Per Dairy Stk
Unit, RSTKLDDY(-I) - Opening Dairy Land Capital Stocks)
B PORTFOLIO CAPITAL ASSET DECISIONS
(a) Off-farm Investments Per Farm (lNV)
(DGYD, CDGYD-Change in Income, RIOTHR-Price Index for Other
Inputs, DSU(-I), CDSU, T-Time)
(DGYD, RIRM-Price Index for R&M, DSU(-I), CDSU-Change in Dairy
Stk. Units, DYCIPM(-I) - Opening PInt. & Mach. Captl. Intensity Per
Dairy Stk. Unit, STKTDY(-I) Opening Total Dairy Capital Stocks)
DRM = fl4
DINT =
DND = f"
(DTLB(-I) - Total Liabilities Previous Period
* DYFINTR - Dairy Effective Interest Rate) ------ (6)
- Sheep and Beef (MBINV) - Dairy (DINV)
(Changes-C in Off-farm investments are modelled)
MBINVC = f l8 (MBCANY, CMBCANY-Changes in Net Cash Income, m-Vector of
S&B Asset Returns, v-Vector of S&B Lagged Capital Stocks)
DINVC = fl9 (DCANY, CDCANY-Changes in Net Cash Income, m-Vector of Dairy
Asset Returns, v-Vector of Dairy Lagged Capital Stocks)
Interest rates on new mortgages were used as a proxy for returns to off-farm investments.
DDPRCN = fir. (DGYD, CDGYD, TXDPAPM, STKTDY(-I), GITSUDY-Dairy Gross
Investment)
(b) Farm Land Purchases or Sales (LNDS)
(c) Available Cash Net Income (CANY)
- Sheep and Beef (MBCANY) - Dairy (DCANY)
- Sheep and Beef (MBLNDS)
(Not Modelled)
- Dairy (DLNDS)
ADJ in the sheep and beef sector refers to adjustments to income made by past Wool
Income Retention Deposit and Income Equalisation Deposit programs.
~
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(d)
MBCANY = MBGY - MBTCE + ADJ
----- (7)
Taxable Net Income (TXNY)
DCANY = DGY - DTCE + ADJ
-----(8)
(Changes-C in Farm Land Sales is modelled)
DLNDSC = f20 (DCANY, CDCANY-Changes in Net Cash Income, m-Vector of Dairy
Asset Returns, v-Vector of Dairy Lagged Capital Stocks)
Average sheep and beef grazing land prices and dairy land prices were the returns for the
respective transactions.
- Sheep and Beef (MBTXNY)
MBTXNY = MBCANY - MDPRCN
----- (9)
(e) Drawings (Consumption)
- Dairy (DTXNY)
DTXNY = DCANY - DDPRCN
----- (10)
(c) Total Liabilities Per farm (TLB)
• Sheep and Beef (MBTLB)
(Changes-C in Total Liabilities are modelled)
- Dairy (DTLB)
- Sheep and Beef (MBDW) - Dairy (DDW)
(Data Unavailable)
MBTLBC = f21 (MBCANY, CMBCANY-Changes in Net Cash Income, m-Vector 0 f
S&B Asset Returns, v-Vector of S&B Lagged Capital Stocks)
MBDW = fl7 (MBCANY, CMBCANY-Changes in Net Cash Income, m-Vector of
S&B Asset Returns, v-Vector of S&B Lagged Capital Stocks)
(f) Savings
- Sheep and Beef (MBSAV) - Dairy (DSAV)
(Data Unavailable)
MBSAV = MBCANY - MBDW - MBTAX ----- (II)
DTLBC = f22 (DCANY, CDCANY-Changes in Net Cash Income, m-Vector of Uliry
Asset Returns, v-Vector of Dairy Lagged Capital Stocks)
Effective interest rates paid by respective farmers were treated as the returns to this
negative asset in the porifolio.
Aggregate Net Capital Investment (NIFB,NILD,NIPM)
The ratio of Terms of Trade (the ratio of price received to prices paid) to the real service
prices for the respective farm types and capital classes were used as the asset returns.
NI**SB = 1'21.25 (MBCANY, CMBCANY-Changes in Net Cash Income, m-Vector of
S&B Asset Returns, v-Vector of S&B Lagged Capital Stocks)
(d)
• Farm Buildings
• Land Development
• Plant & Machinery
Sheep and Beef
(NIFBSB)
(NILDSB)
(NIPMSB)
Dairy
(NlFBDY)
(NlLDDY)
(NIPMDY)
Both agencies have established eligibility criteria for farms to be included in their surveys. The
NZMWBES requires the farms to winter a minimum of 750 sheep or their equivalent slieep plus
cattle stock units and derive at least 70% of the farm revenue from sheep or sheep plus beef.
The NZDB-LIC requires a milking herd of at least 30 cows deriving a minimum of 50% of
gross income from dairying.
Both surveys select their sample farms randomly with the NZMWBES stratifying the sample
by geographical area, flock size and farm classes. The number of farms currently in the
NZMWBES survey is approximately 530, while the NZDB-LIC aims for approximately 200
complete responses from Owner Operated dairy farms and 100 responses from 50/50 Share
Milkers. Only the data from Owner Operated dairy farms, which represent about 70% of all
Factory Supply dairy farms, is used in this study. Factory Supply dairy farms accounted for
96% of milk production in 1992 with the balance coming from Town Supply farms, which are
also not part of this study.
Statistics New Zealand (SNZ) publish gross (net of sales) capital investment data, by farm
enterprise type, from their annual farm surveys for the above three categories and for livestock.
The farm enterprise types are dairy, sheep and beef, and other. The assessed value of capital
stock in agriculture is available only for the years 1967 and 1988.
Time series data for gross capital investment, and capital stock levels are required for specific
categories of assets in both dairy farming and sheep and beef farming. There are three
categories; land development and construction; farm buildings; and plant, machinery and
transport vehicles.
More details on the derivation of capital stock data for each capital and farm types are provided
in Appendix 2.
Capital stock in agriculture have been estimated from 1946 to 1967 by Johnson (1970) and from
1967 to 1990 by Narayan and Johnson (1992). The change in capital stock from opening to
closing levels for any year is defined as the net capital investment for that year. The
difference between gross and net capital investment is the economic depreciation, or decay,
of the opening capital stock.
NI**DY = 1~".2K (DCANY, CDCANY-Changes in Net Cash Income, m-Vector of Dairy
Asset Returns, v-Vector of Dairy Lagged Capital Stocks)
There are 28 behavioural equations estimated in the farm income, expenditure and investment
sub-model and at least II identities as described above. The (**) in each of the above two net
~ investment equations for sheep and beef and dairy sectors, respectively represent the three
~ capital investment types identified above.
IV. DATA DEFINITIONS, SOURCES AND DERIVATIONS
A Farm Incomes and Expenditure Data
Time series data on income and expenditure for the "Weighted Average All Class" sheep and
beef farm was obtained from publications of the New Zealand Meat and Wool Board's
Economic Service (NZMWBES) Annual Farm Survey.
The average income and expenditure data for the Owner Operated Factory Supply dairy farm
was obtained from the Annual Economic Farm Survey published by the New Zealand Dairy
Board's Livestock Improvement Corporation (NZDB-LIC).
B
C
Capital Investment and Capital Stock Data
Service Price of Capital
Although the Pastoral Model is an aggregate model of the national pastoral sector, detail income
and expenditure data was available only at the farm level from the above farm surveys. The
"weighted average all class" sheep and beef farm data from the NZMWBES and the average
data from the NZDB-LIC is however, representative of likely changes at the national level.
The survey methodology and procedures adopted by these two agencies arc somewhat different.
While the survey farms used by the NZMWBES is fairly stable from yea. to year, the NZDB-
LIC survey replaces a third of the farms in its survey each year with new farms.
The service price of capital (SP) is a methodology adopted to adjust the nominal cost of capital
goods to a capital price, which reflects the true cost to an investor of undertaking capital
investment. Time series data of service prices of capital are required for each category of
assets in both dairy farming and sheep and beef farming.
The conceptual framework for the SP equation used by Laing and Zwart (1983) was developed
by Evans and Morgan (1982), with the specific application to agriculture developed by Morgan
and Evans (1982). The SP is defined as follows:
SP = PK / (I-u) [(r"+d) - u(B*r"+d) + r"(I-e) {r., / r(l-u) - I II D Land Sales Data
where:
PK
u
r'
r"
r.,
d
B
~
'1
~ e
Capital Goods Price Index.
tax rate faced by farm investor.
(I-u)r' + w where w is a risk premium accounting for the uncertainty
associated with investment.
the market rate of interest, taken to be the rate paid on new mortgages.
(r-v)/( I+v) where v is the rate of general price movement (defined by the
producers prices index).
the concessionary rate of interest available to farmers.
the rate of physical decay in the capital good.
the present value of tax depreciation allowances arising from a dollar of
capital investment.
the proportion of capital expenditure financed out of equity or borrowing at
the market rate of interest.
Valuation New Zealand publishes, on a six monthly basis, an analysis of land sales. In this
study, time series data on number of sales and sale price indices (1992 = 1000) for dairy farms
and sheep and beef grazing farms were used.
E Statistics New Zealand Agriculture Census/Survey Data
Time series data for 1972 to 1993 are based on data available from SNZ's annual
census/surveys.
(a) Stock numbers: Time series data sets for the various classes of sheep, beef and dairy
were compiled into input files for the 1972 to 1993 period. Total stock units for sheep,
beef and dairy are derived using national stock unit coefficients for a range of age/sex
classes.
(b) Grassland and lucerne area by farm type: Since 1988, SNZ have defined farm types
according to estimated values of agriculture outputs, which are calculated on the basis of
volume data from questionnaire responses and relevant price parameters. Principal farm
types are defined as deriving 75% or more of gross income, while predominant farm type
is where 51 % or more of gross income is derived from one farm type in association with
between 20% and 29% from other activities. Prior to 1988, categorisation of farm types
was based on the responses of survey respondents.
The SP equation above, has the following major components:
(a) PK / (I-u), representing the capital price (capital price index used as proxy), which is
adjusted for the tax (u) status of capital expenditure.
(b) r"+d, representing the cost of interest and expenditure to maintain the capital good.
For this study, grassland and lucerne in dairy farming combines the farm types of dairy
farming (town supply), dairy farming (factory supply), dairy farming with other, and part
of mixed livestock. The proportioning of mixed livestock was based on the ratio of stock
units in dairy to total stock units. Similarly, sheep and beef farming combines the
following farm types; sheep farming, beef farming, sheep farming with beef, sheep farming
with cropping, sheep farming with other, beef farming with sheep, beef farming with other,
and the relevant part of mixed farming.
(c) Phosphate fertiliser use by farm type: A similar process to grassland and lucerne area
was followed to derive a time series from 1972 to 1993 for dairy farming, and sheep and
beef farming.
(c) u(B*r"+d), representing the tax savings arising from depreciation, interest and
maintenance.
(d) r"(I-e) (r., / r(l-u) - I}, representing the debt servicing advantages of concessional
interest rates.
Service prices of capital derived from the above formula differ for the three types of capital with
contribution coming from the capital index (PK), the rate of physical decay (d), and the present
value of tax depreciation allowances (B). F
In addition to fertiliser use, unit prices of fertiliser over time were also required for the
study. This data was supplied by the NZMWBES.
Price Indices Data
Additional variability in the service prices of capital for the two farm types arises from
variations in debtequity ratios used in the calculations of the interest rate (r). The concessionary
interest rate (rm), defined in this study as the ratio of interest paid to total liabilities, also varied
across farm types and over the years during the study period.
Further details on Service Price computation are available in Appendix 3.
Time series data on a number of price indices were required for this study. All price series
were converted to a common base (1992 = 1000). Prices paid and prices received indices are
produced by the NZMWBES for sheep and beef farming while the indices for dairy farming are
provided by SNZ. All the other indices are also published by SNZ. These are the Capital
Goods Price Indices for farm buildings, land improvement and plant and machinery; the
Consumers Price Index; and the relevant sub-indices of the Farm Expenses Price Index.
V. FARM INCOMES, INVESTMENT AND LIVESTOCK UNITS
Sheep and Beef Sector (1972-1993)
Figure 3: Sheep & Beef Sector Inventory, Income & Investment
Dynamics
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The positive relationship between real gross investment on sheep and beef farms and the number
of sheep and beef livestock units is illustrated in figure 2. During the 1970s, increasing levels
of investment on sheep and beef farms were accompanied by an expansion of sheep numbers
which was reflected in an increase in total sheep and beef stock units. Since the early I980s,
however, gross investmcnt on sheep and beef farms has fallcn substantially and by 1993 was
less than half ($300 M) the peak level of 1982 ($800 M).
The fali was in response to a number of factors including: the removal of agricultural subsidies,
lower wool and sheepmeat prices and improved dairy prices. The sharp fall off in gross
investment has been associated with a significant contraction in sheep numbers from 70 million
to about 50 million leading to a decline in total shecp and beef stock units despite some
offsetting increase in beef cattle numbers.
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Figure 4: Sheep & Beef Sector Inventory, Income & Investment
Dynamics
600
ROO
200
400
Million 1992$Millioll LiveSIOt;k Units
100 ....,--- --T I .000
Figure 2: Sheep & Beef Sector Inventory, Income & Investment
Dynamics
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Figures 3 and 4 suggest that the relationship between real net farm income on sheep and beef
farms, gross investment and total livestock units while generally positi ve over the estimation
period has been dominated by other factors at times. Specifically dUrIng the late 1970s and
early 1980s, gross investment and livestock numbers continued to expand while real net income
was declining.
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This divergent movement between real net income and gross investment may be explained in
large part by the availability of concessionary interest rates and various taxation incentive
schemes to sheep and beef farmers over the 1978-84 period (Tyler and Lattimore, (990) and
the general low real interest rates.
Figure 5: Sheep & Beef Sector Inventory, Income & Investment
Dynamics
Relationship between Livestock Units & Capital Stocks
The influence of real gross capital investment, which determines the total capital stock along
with the physical decay of capital, on the total capital stock is illustrated in figure 6. During
the 1970s, total capital stock on sheep and beef farms rose, when annual gross capital
investment was quite high (over $500 M), but since 1984 the capital stock on sheep and beef
farms has declined considerably with annual gross capital investment declining to below $300
M.
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Dairy Sector (1972-1993)
Real dairy net farm income displayed a downward trend from the early 1970s through to 1981
and this was reflected in declining dairy livestock units (Figure 7). After 1981, dairy incomes
have been on an upward trend with major gains since 1988 due to higher international prices
and continuing gains in milk yield per cow, even though these high income levels have been
associated with some volatility. The improvement in incomes has been accompanied by an
expansion in dairy livestock units to record levels.
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Relationship between Capital Stocks & Gross Investment
Figure 6: Sheep & Beef Sector Inventory, Income & Investment
Dynamics
The fall in sheep and beef stock units since 1982 has been greater than the estimated decline
in capital stocks (figure 5) and has resulted in a significant increase in the capital stock per
livestock unit (figure 13), which may explain some of the increase in slaughter weights over the
last decade but the magnitude is nonetheless surprising. It may indicate that the sheep and beef
sector is overcapitalised relative to the number of stock being carried. This also suggests some
potential to increase stock numbers without capital constraints.
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Dairy gross investment has exhibited major fluctuations, but has tended to follow the movement
in real net income except for the 1981-1985 period (Figure 8). As in the case of the sheep and
beef sector, the divergent move.ment between net income and investment over the 1981-1985
period may have been due to increased availability of government assistance and the general low
real interest rates at the time.
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Figure 8: Dairy Sector Inventory, Income & Investment Dynamics Figure 10: Dairy Sector Inventory, Income & Investment Dynamics
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~ The relationship between dairy gross investment and dairy stock units (figure 9) and betweendairy capital stocks and dairy livestock units (figure 10) clearly illustrate the strong linkage
between capital investment and livestock units in the dairy sector.
Figure 9: Dairy Sector Inventory, Income & Investment Dynamics
The influence of real gross capital investment, which determines the total capital stock along
with the physical decay of capital, on the total capital stock is illustrated in figure II. During
the early 1980s, total capital stock on dairy farms rose, when annual gross capital investment
was quite high (over $300 M), but during 1987-1989 the capital stock on dairy farms declined
considerably as annual gross capital investment declined to about $100 M. Since 1990,
however, annual gross investment on dairy farms has recovered to about $200 M and the decline
in capital stocks has also been arrested.
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Figure 11: Dairy Sector Inventory, Income & Investment Dynamics
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Gross investment per livestock unit has tended to decline since the early 1980s at a time when
cow numbers and milk output per head have been increasing suggesting greater efficiency in use
of capital by dairy farmers (Figure 12). Dairy capital stocks per livestock unit are estimated to
have fallen significantly over the 1982-1993 period (figure 13) thus the expansion in dairyin;;
over recent years has involved proportionately less capital than was previously the case and this
trend is continuing.
Figure 12: Capital Use Intensity in the Pastoral Sector
VI. ESTIMATION METHODS
A Farm Incomes & Expenditure Equations
The income and expenditure equations for the sheep and beef and dairy sectors discussed in
section III were estimated mainly by the Ordinary Least Squares (OLSQ) estimation method.
A regression with correction for autocorrelated errors (AR (1» was employed, when initially
significant autocorrelation was encountered in the three sheep and beef income component
equations and the dairy 'other' income equation.
Comparison between Sheep & Beef and Dairy Sectors
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"t\~j-\ .~ ~::"'10-/~~~, All sheep and beef as well as dairy farm expenditure equations were estimated for the 1973-1993 period employing the Ordinary Least Squares (OLSQ) estimation procedure. This includedthe depreciation equation for the two sectors and the tax payments equation for the sheep andbeef sector.
The results are reported in tables I and 2 are discussed in detail in section VII. This includes
the statistical goodness of fit of estimated parameters and the overall ability of the variables in
the equations to explain the income and expenditure levels on sheep and beef and dairy farms.
The data period for the wool and sheepmeats income equations was 1967-1993. The beef income
equation was estimated with data from 1974-1993, as some data series including the June year
figures of total beef cattle numbers were available only since 1971. The two dairy income
equations were estimated for the 1973-93 period.
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B Capital Investment Equations - Portfolio Model
Figure 13: Capital Stock Intensity in the Pastoral Sector
As outlined in section III, the physical capital investment decisions on farm buildings, land
development and vehicles, plant and machinery on pastoral farms are modelled as a portfolio.
This portfolio includes consumption on farms (drawings), investment off-farm and farm land
purchascs.
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Comparison between Sheep & Beef and Dairy Sectors
Given the recursive nature of the portfolio model represented in the investment sub-model and
the linearities of the estimation' form, OLSQ is an appropriate method with which to estimate
the coefficients of the behavioural equations. The existence of a cashflow Of balance sheet
identity constraint for the consumption and portfolio asset equations, however, suggests the need
for an estimation technique which can account at least partially for the inter-dependencies
between individual asset level decisions.
The most appropriate econometric estimation method to be used in this study depends on the
way in which the linkages between farm incomes, expenditures and capital investment decisions
are related to the livestock inventory and production decisions.
Portfolio variables such as net capital investment are viewed as entering livestock breeding
equations (not reported in this paper) in a recursive manner. This recognises that the capital
portfolio decisions do interact with the livestock number portfolio by influencing the overall
carrying capacity of farmland.
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Table I summarises the results of the pastoral farm income equations. The use of farm survey
income data, but national prices and quantities, meant that income identities could not be used. I + + + + + +
Thus it was necessary to estimate equations for the major components of income. As expected
the relevant prices and outputs largely explain the movement in sheep and beef farm income ~O ~~ ~ -J ,-..9-.._ 'N-
components with prices being the more significant determinant. Most of the coefficients
~:.... ... - NO-.l+:o. ~'i2Nw ",. ~o-. o§w:-'N u. :i:r::J u. .u.", ~Ul52~ -JO-attached to the output and price variables are significant at leas' at the 5% level and all have the ~:+:o. '-': w -:::::l: \0 _0
expected a priori signs.
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Wool, beef and lamb prices (lamb is the major component of sheepmeat output) have shown tll ~ ~ ~ ~n ;><:
greater variation over the forecast period hence their relatively greater significance. The beef < t:1 'tl Vl t""' ~~ 'tl tll n 'tl'tl
and wool income data from NZMWBES farm surveys includes allowance for the value of wool 'tl 'tl 'tl 'tl
stocks and livestock inventory changes. Given the nature of data available, only the impact of I 0 0 p 0 0livestock quantity changes on income could be modelled. This led to lhe inclusion of the :.., 00 -J '0 '0V; !:= N w u. i~.:changes in aggregate sheep and beef cattle numbers in the sheepmeat and beef income equations, N - 0respectively. ... 00 N-J :::; ...-J -J -J l"'l00, 0: ~ ~ ~
The equations were initially estimated by OLSQ but the presence of significant autocorrelation Iled to their re-estimation with a first order autoregressive scheme. The autocorrelation likely :.., :... '0 '0 '0 I~reflects the statistical differences between farm survey income data, national production and 0- '" - ,-> 0-weighted average schedule price data. Incomplete measurement of the value of wool stock and 0 0 0 0'" :.., :.., '"-J '" ... u. 10>livestock inventory changes also could have exacerbated this problem. u. 00 0- 0-
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Predictably, milk income at the farm level is largely explained by movements in the national
milk output and weighted average dairy payout variables. Milk output is the more significant
of the two variables, which suggests that climatic factors lead to greater volatility in dairy
incomes than variation in prices
The most significant factors in determining changes in "Other Income" are the number of dairy
calves retained for beef production (BCVRD) and the manufacturing beef price (RPMBPP).
This is likely a reflection of the growing importance of bull beef production over the second half
of the 1973-1993 period.
With the exception of bobby veal production, all the variables in the milk and other income
equations are significant at the 5% level. All the parameters estimated have the cxpected {/
priori signs. Bobby veal is significant at the 10% level. No serious autocorrelation problcms
were encountered with the dairy income regressions which is likely due to the absence of non
cash items in the dairy income components and relatively small variations in dairy price payouts
across farms. (All the dairy income survey data is recorded on a cash basis).
Dairy
Sheep and Beef
Table 2 summarises the results of the farm expenditure equations for the sheep and beef and
dairy sectors. Availability of more detailed data from the NZMWBES surveys allowed for
greater disaggregation of inputs on sheep and beef farms (6 categories) than on dairy farms (4
categories).
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Most of the variables arc statistically significant at the 5% level and displayed the expected {/
priori signs. All input expenditure types are positively related to income and own price. An
increase in real gross income of $100 is estimated to initially increase expenditure on fertiliser
by $10; repairs and maintenance by $6; wages by $3; vehicles fuel and electricity by $3; and
other expenditure by $7. These results suggest that about 70% of any increase in real income
will be used for consumption, investment and payment of taxes.
The positive sign on the input price variables suggests that input demands are inelastic in the
short run. There is evidence of labour-capital substitution in the wages equation with increases
in the total capital stock leading to lower expenditure on wages. Increases in plant and
equipment stock have a negative impact on expenditure on vehicles, fuel and electricity (VFE)
which may be due to improvements in fuel efficiency of new vehicles and motorised plants.
The negative sign on the time trend variables in the wages and VFE equations likely reflects
productivity gains in these expenditure categories.
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Livestock units have a positive impact on all types of expenditure indicating that most variable
inputs are complementary to livestock with VFE and repairs and maintenance showing the most
response. Overall, the equations display high explanatory power with little evidence of
autocorrelation. The capital intensity variable is significant at the I% level only in the VFE
equation, but at the 10% and 5% levels, they are also significant in the fertiliser and other
expenditure equations, respectively. In all cases, an increase in capital intensity has a positive
impact on input use.
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'"~ ~ _ _ ~ [JJ !':' With the exception of depreciation, all of the expenditure equations in the dairy sector have high
:§; ~ 2: e ~ OQ -=' if .", explanatory power with no evidence of significant autocorrelation problems. Most of the
..:! ~ ~ variables in the fertiliser and repairs and maintenance equations are statistically significant at
El ~o El ~ El ~ El g ~ ~ ~ ~ ~ ; e!. the 5% level, with the notable exception of the own prices.
0""1 Z(lI ~C'I 'Tl I OJ_ C'..,~r.n~ 0 a .., ~ ::r trl _. \C -l v --0 (1l ...., ~~ §. ~ ~ ~ g ~ ... ~ ~ g: ~ ~ Gross income appears to be an important determinant of all expenditure categories. A $100
z g' g 5. ~ 0 x g z g ;;l 'rI increase in the average dairy farm real gross income is estimated to increase expenditure on
::<l II §' II ~ II [ r;; II:: 1I::<l ,; ~ fertiliser by $10, repairs and maintenance by $6 and other expenditure by $18. These results
g @ ~ 2' ~ ~ S t'l imply that about two thirds of any increase in real gross income will be used for consumption,~ + ~, ~.", - + ";,, ::<l ~ + ~ w, '0+ ,,;,.c. @ ~ N + 7', ::J:::: +07' ;g?2 i investment and payment of taxes.
:-0' 00 n ~o?O°o 0 :--'NO VJ n . 9' 9:--:'Vl ., :......9!'J1..l >- .. !Jl,. n r.n =
V'tO:-'N Z oooQ'\~ ~ ~'-O",?' 0 ~~~oO'~ fJj a: _N~..)!..) >:: ::g80'~ z 10 Q"~-":;N +:>._'--'.i.....l '-' ,-,,\...J -.l --.O'-ww--.. I:::'~. -.~--.O" - --.f.>. '--'. ~ ::::
.- ~: . El: - - '00 tH g .' " 1:' :; The non significance of own prices is consistent with dairy farmers increasing (decreasing)
::<l n C! ~ 1;; z j -I -I ~ ~ fertiliser and repairs and maintenance inputs in direct proportion to corresponding decreases~ ~ ~ ~ ~ ~~. ~ (increases) in their respective real prices. The finding that increases in the stock of land~ c: b ~ ;;; = ~. improvements (RSTKLOOY) lead to lower fertiliser expenditure may be due to the fact that the
~ ~ b ~ land improvements variable already includes an allowance for fertiliser expenditure associated
, 7' g with land development.
+ + + + + + + ,g
-:::: w ~ 0 -:::: SON SO -z; '" -:;;: so V; so S;; so -z; sob-so Fertiliser expenditure is positively related to the opening level of dairy livestock units (OSU(-I»
~ Rl ~ R ~ 8 ~ ~ ~ iJ, ~ 51 g; 0 ~ 8 §;?;l ~ ~ with a stronger relationship than in the sheep and beef sector. Negative signs on the lagged
....., . .......-V"' ...... 00 __ 0' __ -'--'-.... --- .1·.,,) '-"--t-.J~;oo;o ~.oo:- ,:'" :00 : :'-' , livestock units and capital intensity variables in the repairs and maintenance equation are counter
::<l El 0 El 0 El ::<l n ~ >! intuitive, and may be indicative of a change in farming practices which is not being captured~ I § 0 ~ 0 d 0 is ~::j ~ by the existing specification. Apart from the time trend, income shows up as the only~ ~ ~ '~ ~ ~ ~ 8 ~?; significant variable in the other expenditure equation. The apparent lack of importance of~ ";' -<:s: livestock units and the opening capital stock level as determinants of other expenditure, is
+ + surprising and should be further investigated.
+ + + +
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: .... :: Unlike the OLSQ and AR(!) results for farm income and expenditure equations reported in~ -I R 1;; ~ tables I and 2, SUR results reported in tables 3 and 4 do not include an R-squared or F-statistic.
o is ~ ~ ~ ~ ~ -I Investment equations are estimated as part of a system and not as individual equations. A~ ~ ~ ~ ~ Il:l ~ common statistic in SUR and OLSQ regression is the standard error of regression (SER), which
+ + Z_ + 0 ~ ~ measures the dispersion of the error term around the estimated regression line. SER serves as~~ ~ ~ ~ ~ ~ ";' .:::: 0 the indicator of the goodness of fit of each equation and t-statistics provide the significance of
~~ - - :~' individual parameter estimates.
~ -l ~ ~ ~ n ); ~ ;: I
V> X '" 0 - ~ V> 0 0 il2. Sheep and BeefooS6 w..., ~c: Q\ \D -.J
;J> :I:
::<l~ The results of the sheep and beef farm drawings and investment portfolio model estimated using
:'" p; ~ ~ 2:l '" 'rI the SUR method is reported in table 3. Overall, the regression results support the general
... V>: V>: "1 "', "': structure of the portfolio model. represented in this study.
. .!" . . !" t::I
:::l t;;:j ~ t; ~:::!! The SER of all the equations in the sheep and beef investment model was less than or equal to
10, which is quite low and suggests a good overall fit of the model (table 3). The Durbin-
Watson statistic, which is around 2.5 for most equations, also suggests no significant
;....\
~
autocorrelation problems. There were 15 variables (including the constant term) in each of the
equations and the estimation period of 1973-93 (N=2!) suggests a degrees of freedom of 6'.
Based on a one-tailed t-test, more than 70% of the t-values in the sheep and beef investment
model equations are greater than 1.40 (for 10% level of significance), more than 55% of the t-
values are greater than 1.95 (for 5% level of significance) and more than 25% of the t-values
are greater than 3.15 (for I% level of significance).
Model validation also requires an evaluation of the size and sign of the coefficients and not just
the statistical significance of individual coefficients and equations.
Drawings, capital investment on farm buildings, land development and plant and machinery all
have positive and statistically significant coefficients attached to the level of income variable
and a negative albeit smaller coefficient sign on the change of income variable. The total
liabilities equation has a negative sign for the coefficient on the income level variable and a
positive sign on the change of income variable, although the latter was not statistically
significant. The signs are consistent with a-priori expectations.
These effects confirm the general positive influence of income levels on consumption (drawings)
and capital investment in sheep and beef farming, but will be modified by the returns to and
cost of investment in particular assets and by the dynamic adjustments from the opening asset
level variables incltided in the model.
All the estimated parameters of variables in the drawings equation were significant, at least at
the 5% level, and carried expected signs for the most part. Most of the coefficients (II out of
15) in the change in sheep and beef off-farm investment equation, however, were not significant.
The exception to this was new mortgage rates (RNMGSB) used as proxy for return for off-farm
investment, which was positive as expected (table 3).
Higher returns for off-farm investment are estimated to reduce net on-farm investment on
buildings, land development and plant and machinery and raise the debt or total liabilities, as
the effective interest rate paid by sheep and beef farmers (MBFINTR) will also rise.
An increase in grazing land (or farm) purchase prices, is shown to increase net investment on
land development as well as farm buildings and plant, machinery and vehicles on farms. This
is because farm purchases and investment in all these capital stocks can be viewed as
substitutes. Higher farm prices also increase the liabilities faced by farmers when farms are
actually purchased.
The asset return variables for the three capital investment equations were defined as the ratio
of the terms of trade to the respective real service prices (Laing & Zwart, 1983, 1988). These
parameter estimates generally exhibited statistically significant coefficients, but the signs on
many of the coefficients were not in accordance with a priori expectations.
This lower degrees freedom suggests the possibility of type II error in estimation. which have to be guarded
against.
Table 3: Sheep and Beef Farm Investment Portfolio Model (1973-1993)
Endogenous Variables
Pre-determined Drawings Off-Farm Buildings Land Devt Plant & Mach. Total Liabil.
Variables Inv. Net lnv. Net Inv. Net Inv.
(RMBDW) (RMBINVC) (RNIFBSB) (RNILDSB) (RNIPMSB) (RMBTLBC)
1 Constant 132.1 61.1 -483.8 -2056.8 -2199.1 -296.4
(C) (6.11)''' (0.4) (-1.29) (-6.10)'" (-6.79)''' (-1.86)'
2 Cash Available Income
(a) Level 0.299 0.109 3.55 3.08 3.42 -0.702
(RMBCANY) (6.19)'" (0.335) (4.25)''' (4.08)'" (4.70)'" (-1.9)'
(b) Change -0.074 0.074 -1.330 -1.140 -0.344 0.155
(CRMBCANY (-2.577)" (0.383) (-2.687)" (-2.555)" (-O.ROI) (0.736)
3 Asset Returns
(a) Off-Farm Inv. 320.9 1564.2 -5163.0 -3773.8 -1215.4 1837.0
(RNMGSB) (2.08)" (1.51)' (-1.93)' (-1.57)' (-0.52) (1.61)'
(b) Land Purchase 12.42 -16.00 t28.67 132.56 204.80 33.35
(RGLDDSB) (3.88)'" (-0.75) (2.33)" (2.66)" (4.27)'" (1.41)'
(c) Buildings 52.29 184.43 -1415.37 -1356.32 -675.31 226.87
(TOTBLDSB) (3.06)" (1.60)' (-4.77)'" (-5.07)''' (-2.63)" (1.79)'
(d) Plant & Mach. -1017.4 -2243.6 7921.8 11719.8 1353.9 -3555.8
(TOTPMSB) (-4.67)'" (-1.53)' (2.10)" (3.45)''' (0.414) (-2.21)"
(e) Land Devt 83.96 306.64 -140R.4 -1217.3 -643.6 1238.1
(TOTLISB) (2.54)" (1.38) (-2.46)" (-2.36)" (-1.30) (5.07)'"
(I) Total Liabil. 205.5 -124.1 -1669.7 -3315.4 -1893.6 -1009.0
(MBFINTR) (3.53)''' (-0.32) (-1.66)' (-3.65)'" (-2.17)" (-2.35)"
4 Opening Capital Stock or Asset Levels
(a) Off-Farm Inv. 0.059 -0,645 1.110 0.811 2.130 0.959
-RMBINV(-I) (1.53t)' (-2.469)" (1.651)' ( 1.338) (3.652)'" (3.347)*"
(b) Land Purchase -(l.O36 0.019 O.OOlJ2 0.215 0.414 0.077
-GLNDS(-I) (-3.215)'" (0.254) (0.0008) (1.218) (2.439)" (0.921)
(c) Buildings 0.027 0.097 -0.843 -0.458 0.065 0.225
-RSTKFBSB(-I) (1.966)" (1.028) (-3.492)'" (-2.104)" (0.320) (2.188)"
(d) Plant & Mach. -0.015 -0.031 0.151 0.992 0.282 0.091
-RSTKPMSB(-I) (-2.274)" (-0.679) ( 1.3(6) (3.65 I)''' (-1.08) (1.849)'
(e) Land Devt
-0.066 -0.104 1.278 0.234 -0.380 -0.399
-RSTKLDSB(-I) (-3.779)''' (-0.887) (4.240)''' (2.243)" (3.793)'" (-3.109)"
(I) Total Liabil. 0.206 -0.148 -1.659 -2.945
-0.329 -0.954
-RMBTLB(-I) (4.866)'" (-0.521) (-2.265)" (-4.457)'" (-0.518) (-3.053)"
SUR Summary Statistics
Std. Error of Regn. 0.591 3.97 10.2 9.22 8.87 4.36
D-W Statistic 2.89 2.64 2.39 2.42 3.19 2.54
The signs of all asset return parameters for farm buildings ltnd land development on capital
investment were negative. The signs of corresponding parameters for plant and machinery asset
returns on all capital investment were, however, positive. These results probably indicate some
~
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misspecification of the asset return variable, when following the Laing and Zwart approach for
the extended data period used in this model. A lagged output price formulation or a more
simplified service price computation may be required to decompose their separate effects.
The parameter estimates for opening capital stock levels were statistically significant in most
equations in the investment portfolio and for most opening stock or asset levels. The main
exceptions to this wcre the changes in off-farm investment equation and the impact of lagged
grazing land purchase levels.
An increase in the opening capital stock of land development on sheep and beef farms tends to
increase net investment in farm buildings, but reduces net investment in plant, machinery and
vehicles. An increase in building capital stock levels, however, reduces net investment in
buildings as well as land development, on sheep and beef farms, in the following period. An
increase in opening plant, machinery and vehicles capital stocks is neverthelcss associated with
increases in net investment in land development as well as farm buildings, as they are viewed
by farmers as complementary.
The finding that the higher the opening stock of buildings the lower the investment in buildings
and land development, suggests that, on average, sheep and beef farmers overestimated their
demand for these capital items in the previous period. It may be indicative of the failure to
capture technological improvements in capital, which reduces the need for subsequent
investment.
Rising opening capital stocks of buildings and plant, machinery and vehicles along with higher
off-farm investment and grazing land purchases in the previous year tend to increase the total
liabilities faced by farmers, while increases in land development capital stocks is found to
reduce total liabilities.
Dairy
Table 4 presents the results of the dairy sector investment portfolio model estimated using the
Seemingly Unrelated Regression (SUR) procedure.
The SER of all the equations in the dairy investment model was less than 30 except for the
changes in dairy land purchase equation (SER=47), which is low and suggests the good overall
fit of the model (table 4). The Durbin-Watson statistic, which was in the range of 1.80 to 2.61
for most equations, also suggests no autocorrelation problems. There were 15 variables
(including the constant term) in each of the equations in the dairy model as well and the
estimation period of 1973-93 (N=21) again implies degrees of freedom of 6.
Based on a one-tailed t-test, about 80% of the t-values in the dairy investment model equations
are greater than 1.40 (for 10% level of significance), more than 60% of the t-values are greater
than 1.95 (for 5% level of significance) and more than 40% of the t-values are greater than 3.15
(for I% level of significance). These results are somewhat better than the results for the sheep
and beef sector reported in table 3.
Model validation again requires an evaluation of the size and sign of estimated coefficients and
not JUSl the statistical significance of individual coefficients .associated with the variables and
the eq'Jations in the portfolio model.
The three net capital investment on dairy farms, changes in off-farm investment as well as
changes in dairy land purchases and total liabilities all have positive and statistically significant
coefficients attached to the level of income variable (table 4). A negative sign, some of which
are not significant, are found on the change of income variable. These signs are consistent with
a-priori expectations.
These effects confirm the general positive influence of income levels on capital investment on
and off-farm, dairy land purchases and changes in total liabilities on dairy farming, but will be
modified by the returns to and cost of investment in particular assets and by the dynamic
adjustments from the opening asset level variables included in the model.
Most of the coefficients (II out of 15) in the change in dairy off-farm investment equation
(table 4) are significant at least at the 10% level in contrast to the finding for the sheep and beef
off-farm investment equation (table 3), where most were not significant. New mortgage rates
(RNMGDY) used here as proxy for return for off-farm investment was, however, negative. The
coefficient for changes in lagged off-farm dairy investment was negative, as in the case of sheep
and beef farms.
The impact of higher returns for off-farm investment was to reduce net on-farm investment on
dairy land development, but unlike sheep and beef farming, increase investment on buildings
and plant, machinery and vehicles. The change in debt or total liabilities on dairy farms also
rise, as the effective interest rate paid by dairy farmers (DYFINTR) also rises.
An increase in dairy land (or farm) purchase price, is shown to reduce dairy land purchase (but
statistically not significant) and increase net investment on land development as well as farm
buildings and plant, machinery and vehicles on farms. This is because farm purchases and
investment in all these capital stocks can be viewed as substitutes. Higher farm prices also
increase the liabilities faced by farmers when farms are actually purchased.
The asset return variables for the three capital investment equations were defined as the ratio
of the terms of trade to the respective real service prices (Laing and Zwart, 1983; Grundy,
Lattimore and Zwart, 1988). These parameter estimates generally exhibited statistically
significant coefficients, but the signs on some of the coefficients were not in accordance with
a priori expectations.
The signs of all but one asset return parameters for plant and machinery and land development
on capital investment were negative, but significant only at the 10% level of significance. The
signs of corresponding parameters for buildings asset returns on all capital investment were,
however, positive. These results again indicate likely mis-specification of the asset return
variable, when following the Laing and Zwart approach for the extended data period used in this
model. A lagged output price formulation or a more simplified service price computation may
again be required to decompose their separate effects.
The parameter estimates for opening capital stock levels were statistically significant in most
equations in the investment portfolio and for most opening stock or asset levels. Off-farm
investment and dairy land purchase lagged values were, however, not included in the land
development and plant and machinery net investment equations because initial. estimation had
yielded non significant or near zero coefficients.
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Table 4: Dairy Farm Investment Portfolio Model (1973-1993)
Endogenous Variables
Pre-determined Off-Farm Buildings Land Devt Plant & Mach. Total Dairy Land
Variables [nv. Net Inv. Net Inv. Net Inv. Liabil. Purchase
(RMDINVC) (RNIFBDY) (RNILDDY) (RNIPMDY) (RDTLBC) (DLNDSC)
I Constant 61.1 874.5 -182.2 -997.7 -8024.1 -4752.1
(C) (0.2) (3.04)"' (-0.74) (-1.90)' (-3.31)"" (-1.42)"
2 Cash Available Income
(a) Level o.ln 0.137 0.228 0.576 2.869 5.091
(RDCANY) ( 1.354) (1.594)' (2.685)"' (3.179)'" (4.797)'" (6.003)'"
(b) Change -0.319 -0.007 -0.061 -0.014 -0.958 -0.874
(CRDCANY) (-6.041)" (-0.145) (-1.363) (-0.141) (-3.232)'" (-2.00)"
3 Asset Returns
(a) Off-Farm Inv. -1382.9 2174.7 -4246.6 12128.6 30920.3 44234.6
(RNMGDY) (-1.509)' (2.135)" (-3.946)" (5.099(' (5.189)" (4.878)'''
(b) Land Purchase -24.8 122.2 54.7 202.1 472.6 -2.808
(RDLNDP) (-2.44)" (10.92)"" (4.59)" (7.81 )'" (6.94)" (-0.028)
(c) Buildings -78.4 39.3 595 86.7 846.6
(TOTBLDDY) (-4.17)'" (1.90)' (2.75)" ( 1.88)" (6.16)'"
(d) Plant & Mach. 1110.8 -1432.6 -1489.8 -2430.0 -18036.0 -26482.8
(TOTPMDY) ( 1.52)' (-1.84)' (-1.85)' (-1.41)' (0.14) (-3.98)'"
(e) Land Devt -131.2 148.7 -3.37 -138.2 -1306.3 -1468.4
(TOTLIDY) (-2.60)" (2.94)" (-0.07) (-1.27) (-4.42)''' (-3.34)'"
(I) Total Liabil. -304.1 1072.1 -1714.6 -3668.6 2617.9
(DYFINTR) (-1.88)' (8.81 )'" (5.15)''' (-2.85)" ( 1.47)'
4 Opening Capital Stock or Asset Levels
(a) Off-Farm Inv. -1.319 -0.423 3.249 4.222
-RDINV(-I) (-10.35)'" (-5.697)'" (3.657)'" (3.602)'"
(b) Land Purchase 0.041 0.419 -1.03
-DLNDS(-I) (-6.617)'" (3.391)'" (-6.625)'''
(c) Buildings 0.338 0.403 1.158 5.167 3.746
-RSTKFBDY(-I) (-2.917)" (2.895)" (3.757)'" (5.124)'" (2.698)"
(d) Plant & Mach. 0.129 -0.074 -0.323 -0.836 -1.688 -7.258
-RSTKPMDY(-I) (2.08)" (-1.09) (-4.43)'" (-5.34)"" {-4.28)"" (-12.01)""
(e) Land Devt -0.079 0.013 -0.202 -0.580 -1.808 1.369
-RSTKLDDY(-I) (-0.69) (0.103) (-1.56)' (-2.07)" (-2.605)" (1.286)
(I) Total Liabil. 0.117 0.099 0.040 0.217 -0.582 2.515
-RDTLIB(-I) (1.927)' (1.494)" (0.57) (1.43)' (-1.64)" (4.54)'"
SUR Summary Statistics
Std. Error of Regn. 5.71 6.06 6.17 13.2 29.5 47.0
D-W Statistic 2.38 1.80 1.90 2.21 3.12 2.61
An increase in the opening capital stock of land development on dairy farms tends to increase
net investment in farm buildings, but reduces net investment in plant, machinery and vehicles.
An increase in opening building capital stock levels, however, increased net investment in land
development as well as plant and machinery, as they are complementary on dairy farms. An
increase in opening plant, machinery and vehicles capital stocks is associated with decreases in
net investment in land development, farm buildings and plant and equipment in the subsequent
period.
The negative relationship between opening levels of individual capital stocks and their respective
investment levels in the subsequent year requires further consideration. It suggests that over the
estimation period (1973-1993), dairy farmers, on average, tended to overestimate their demand
for capital initially. However, part of the explanation for this relationship may be that capital
efficiency gains associated with new capital stock (illustrated in figure 13) have reduced the'
need for investment to maintain a given level of capital over time.
Rising opening capital stocks of buildings along with higher off-farm investment and dairy land
purchases in the previous year tend to increase the total liabilities faced by farmers, while
increases in land development and plant and machinery capital stocks was found to have reduced
total liabilities.
VIII, SUMMARY OF PRELIMINARY MODELLING RESULTS
Updated Data Period
The data periods covered by previous New Zealand pastoral farm incomes, expenditure and
investment models were 1960-1981 (Laing and Zwart, 1983) and 1964-1984 (Grundy. Lattimore
and Zwart, 1988). In the Pastoral (Investment) Model reported in this paper, this period has
been updated to 1973-1993. This update means that the Investment sub-model is consistent with
the study period of the Inventory and Production sub-model currently operational within MAF
Agriculture Policy. This is expected to provide more relevant relationships between variables
studied in the model and subsequently provide better forecasts.
Statistical Goodness of Fit of Modelling Results
The income and expenditure equations reported in tables I and 2 exhibit very good statistical
properties with respect to the parameter estimates and, with only a few exceptions, also have
expected signs and magnitudes on the coefficients estimated. The portfolio investment model
also resulted in efficient parameter estimates and good overall fit, but the signs on some
parameter estimates were contrary to a priori expectations.
This model also provided insights to the capital investment decision behaviour of pastoral
farmers with respect to changes in available net cash income, purchase price of farm land, off-
farm investments, drawings on' farms as well as asset and capital stock levels. The signs on
some of the estimated coefficients related to capital asset returns, which included prices received
for outputs and the capital service prices, however appear to be counter intuitive,
Changes to Previous (Laing and Zwart) Specifications
The main changes to the above previous specification include: the separation of wages, and
vehicles, fuel and electricity categories from 'other expenditure' in the sheep and beef sector;
the use of separate price indices for repairs and maintenance, wages, vehicle fuel and electricJty
and other expenditure; and the inclusion of livestock inventory change variables in the sheep and
beef income equations. The incorporation of own price effects in both the sheep and beef and
dairy sectors enabled improved modelling of the impact of input price changes on investment
and working expenditure.
Where to From Now?
Problems encountered with the asset return variables in the investment equations suggest the
need for reformulation of these variables. In particular, farmers' investment decisions may be
better represented by a more pragmatic view of the influence of service prices on investment
decisions which takes into account availability of relevant data to farmers and the complexities
of computing optimal service prices. The relevance of a lagged output price formulation will
also be investigated along the lines of that already in use in the pastoral sector production sub-
model (SriRamaratnam and Reynolds, 1990).
It is intended that investment, and production sub-models will be linked through the introduction
of the capital assets in the breeding livestock inventory and associated productivity equations
to reflect changes in carrying capacity and/or quality of pasture. In particular, land development
~ is generally thought to be an important precursor to any increase in livestock numbers. Changes
00 in buildings and equipment may also be an important determinant of carrying capacity in
N dairying. As part of the model reformulation, consideration will also be given to the impact of
opening livestock breeding inventory levels on the speed of adjustment of capital assets and the
use of service prices for breeding stock.
Another weakuess of the current model is that fertiliser is largely treated as a variable input.
Fertiliser which is associated with land development is already implicitly treated as a capital
input. Given the delayed and extended impacts on pasture growth from the use of super
phosphate, its treatment as a variable input is not quite appropriate. Future research therefore,
will look at the potential for treating fertiliser as a capital input.
It is also proposed that developments in forestry plantings modelled separately be linked to the
pastoral model through changes in the amount of available land. This will be carried out by
utilising the forestry plantings equations developed by Forbes & SriRamaratnam (1995) and by
asssuming that any pastoral land converted to forestry comes mainly out of the sheep and beef
sector.
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VARIABLES IN THE MODEL
APPENDIX 1 B Income and Expenditure Model
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A Production Model
I. Endogenous Variables II. Exogenous Variables
a. Sheep & Beef b. Dairy a. Sheep & Beef b. Dairy
- KE - KCHPB - KCHMD - LES/LEL - LEB - LED
-LM -CVWB - CVBD - WS - WB - ED
- SLLITOL - KYHB - KYHD - PPIS - PPIB - PPID
- SLASITOAS - SWV - KYBD - PL - PPB - PD
- DL - SWAC - RSLCV -PM -PMB
- DS - SLY - SWCV -PW
- SHW -SLHT - MPCOW - DCVB - DCVD
- SWL - SLST - TIBDB - DHB - DHD
- SWAS - SLCT -THDB - DCB - DCD
-FWL - SLBT - TBDB - DISB -DIBD
- SLWLH - SLAC/SLTC - TCDB - DSB - DBD
Inventory Equations - Identities Production Identities
- KS - KTCB - KTCD - QL - QB -QML
- KAS - KCB - KCD -QM - QYV - QBV
- KEWH - KSB -KBD - QSWL - QTV
- KOAS - KHB - KHD - QSLWL - QTB
- KAE - KISB -KIBD - QTWL
- KYSB -BCVRD
- KYCB
- SSU - BSU - DSU
- CSU - TSU
I. Endogenous Variables II. Exogenous Variables
a. Sheep & Beef b. Dairy a. Sheep & Beef b. Dairy
- Gross Farm Income from Production and Prices
·
Wool (MBGYW) • Milk (DGYMLK) • QTWL PW
·
QMLPD
·
Sheep (MBGYS) • Other (DGYO) • QL QM PL PM
·
QBV PPB
·
Beef (MBGYB)
·
QB PPB PMB
- Gross Farm Expenditure on
·
Fertiliser (MBFERT) (DFERT)
·
MBGY (Total
·
DGY
Income)
·
Repairs/ (DRM)
·
CMBGY (Changes • CDGY
Maintenance (MBRM) in Total Income)
·
Interest (MBINT) (DINT)
·
CSBSU (Changes
·
CDSU
in Livestock
Units)
·
Wages (MBWAGE) (NA)
·
PHASBSU (Stock
·
PHADSU
Units/Ha)
·
Vehicles/Fuel! (NA)
·
PHSHBF
·
PHDAIRY
Energy (MBVFE) (Phosphate
Use/Ha)
·
Other (MBOCE) (DND)
·
PLSHBF (Pastoral
·
PLDAIRY
Land)
I-l.
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C Capital Investment - Portfolio Model
I. Endogenous Variables II. Exogenous Variables
a. Sheep & Beef
- Net Capital Investment in - Stock of Capital (prev. pd)
·
Farm Buildings (NIFBSB)
·
Farm Buildings (STKFBSB)
·
Plant and Machinery (NlPMSB)
·
Plant and Machinery (STKPMSB)
·
Land Development (NILDSB)
·
Land Development (STKLDSB)
- Drawings (MBDW) - Real Aval. Cash (MBCANY)
Net Income Level &
Changes (CMBCANY)
- Changes in Off-farm Invest (MBINVC) - Off-farm Invest (prev. pd) (MBINV)
- Changes in Total Liabilities (MBTLBC) - Total Liabilities (pre\. pd) (MBTLB)
- Changes in Farm Purchase (GLNDSC) - Farm Purchases (prev. pd) (GLNDS)
- Service Price of capital types
I. Endogenous Variables II. Exogenous Variables
b. Dairy
- Net Capital Investment in - Stock of Capital (prev. pd)
·
Farm Buildings (NIFBDY)
·
Farm Buildings (STKFBDY)
·
Plant and Machinery (NIPMDY)
·
Plant and Machinery (STKPMDY)
·
Land Development (NILDDY)
·
Land Development (STKLDDY)
- Drawings (DW) - Real Aval. Cash (DCANY &
(not available) Net Income Level & CDCANY)
Changes
- Changes in Off-farm Invest (DINVC) - Off-farm Invest (prev. pd) (DINV)
- Changes in Total Liabilities (DTLBC) - Total Liabilities (prev. pd) (DTLB)
- Changes in Farm Purchase (DLNDSC) - Farm Purchases (prev. pd) (DLNDS)
- Service Price of capital types
APPENDIX 2
INVESTMENT DATA
(Capital Stocks & Gross Investment)
The method used to compute the required time series data is as follows:
(a) For each category, the annual gross capital investment and the total stock of capital in
1967 and 1988 are converted from nominal to real (1992) terms using the Capital Goods
Price Index for that category.
(b) Real capital stock for each category in 1967 and 1988 are disaggregated by farm type. The
process involved two steps. The first step was to estimate the average split between farm
types for each category of capital investment as observed between 1967 and 1988. The
second step was to apply these estimates to the capital stock categories.
(c) The real economic depreciation between 1967 and 1988 (D) is calculated by adding the
sum of the gross investment between 1968 and 1988 [GI(68,... ,88)] to the 1967 capital
stock [K(67)] and then subtracting the 1988 capital stock [K(88)]. The amount of
depreciation is then expressed as a percentage of the 1967 capital stock before dividing by
2 I (1967 -1988) years to give an estimate of the annual average depreciation rate (d).
The derived rates for each category are 2.19% for land development and construction,
2.27% for farm buildings and 5.21 % for plant, machinery and transport vehicles.
D = K(67) - GI(68.... ,88) + K(88)
d=[D/K(67)]/21 * 100
(d) The value of capital stocks, in real terms. for the years between 1967 and 1988 and after
1988 were calculated from the 1967 stock level as the opening stock, less the product of
opening stock and initial depreciation rate. plus the gross investment for the year.
K(t) = K(t-I) - K(t-I) * d + GI(t) [t = 68,....93]
The derived 1988 capital stock values for each category did not coincide with the actuals
for 1988, as the derivation for this requires more complex processes using varying decay
rates. Experimentation showed that a slightly lower depreciation rate (by increasing the
period from 21 to 22) gave reasonable approximations of 1988 capital stocks. The
adjusted economic rates of depreciation are 2.09% for land improvements and construction,
2.17% for farm buildings and 4.97% for plant, machinery and transport vehicles.
APPENDIX 3
SERVICE PRICES OF CAPITAL
(Notes on Derivation)
The derivation of the various components of the SP equation are discussed below. For the
derivation of some factors, the approach adopted in this study differed somewhat from the two
earlier studies and are also noted in this discu!'sion.
(a) Capital Goods Price Index (PK)
Exchange. The value for equity risk premium is the mid point in the 4 to 9 range
suggested by The Treasury. The value for the debt equity was arbitrarily chosen. For
MAF, the value was 1%.
The risk premium equivalent to earlier estimates by Laing and Zwart and Evans and
Morgan, can then be derived from the calculated values of r. For dairy farming, this was
found to rise from about 3% in 1972, reach a peak of 20% in 1986 and was at about 6%
in 1993. For sheep and beef farming, risk premium was about 3% in 1972, peaked at
19% in 1986 and was at about 7% in 1992 .
General price movements (v)
(b) The Tax Rate (u)
(d) Economic Rate of Depreciation of Capital (d)
~
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(c)
Capital goods price indices for buildings, land improvement and plant and machinery are
published by SNZ and for this study, the indices are expressed in terms of 1992 values,
ie 1992 = 1000. The individual SP values derived can therefore be interpreted as 1992
dollar values per $1000 of capital investment in 1992.
Evans and Morgan used an actual average rate of tax paid by farmers, while Laing and
Zwart estimated an expected marginal tax rate for both farm types over the 1965 to 1981
period. Majo'r changes in tax policy since then are a shift to indirect taxes and a flatter
income tax scale. Laing and Zwart estimated expected marginal tax rates faced by sheep
and beef farming (60%) and dairy farming (50%) as constants over the period 1965 to
1981. This study has used the top tax rate as a proxy for marginal tax rate facing farmers
over time. However between 1983 and 1986 when the top tax rate was 0.66, negative SPs
for land improvements resulted. To overcome this, the tax rate was reduced to 0.6, the
level applying both before and immediately after this period.
The After Tax Rate of Interest (r)
Laing and Zwart assumed a 15% risk premium, on the premise that this was sufficient to
preclude a negative SP of capital occurring. Morgan and Evans used 13%, an arbitrary
value sufficient to prevent any negative SPs. Both approaches were valid at that time,
because of the rising nominal rates of interest up to 1982. However because of
macroeconomic changes since then, in particular the freeing up of the capital markets, the
floating of the exchange rate and the targeting of the latter by the Reserve Bank for
inflation control, the previous approach needed refining.
Using the capital asset pricing model (Narayan and Johnson 1992), a weighted average cost
of capital was derived to calculate r directly. Specific assumptions used for the beta
coefficient of 0.6, equity risk premium of 6.5%, debt risk premium of 3% were held
constant over time. But effective tax rate (tax paid as a percentage of taxable income for
sheep and beet), debt equity ratios (based on interest paid as a percentage of liabilities for
both dairy and sheep and beet) and five year bond average yields were varied over time.
The choice of beta, equity risk premium and debt risk premium values are based on the
calculations and assumptions used in the determination of the annual capital charge for
MAF assets. The value for the beta coefficient was derived from regressions of the All
Ordinaries Index and agricultural and associated services stock traded on the NZ Stock
(e)
For the growth in overall producer price (input) index, however, the regression approach
used by both Laing and Zwart and Evans and Morgan was not used. As price changes
have trended down, particularly since the late 1980's, a quadratic regression function would
have been needed to represent this behaviour. As no particular advantage was seen over
the use of actual price changes, actual values were used in this study.
The derivation of these rates for specific categories of capital stock are already discussed
under the Capital Investment and Capital Stock section above.
Tax Depreciation Allowance used for Present Values (B)
In addition to ordinary depreciation allowances for tax purposes over time, a range of other
measures applied over the period 1972 to 1993. These included special depreciation and
investment allowances related to the cost prices of capital categories. From 1988
onwards, depreciation applied to certain categories of land improvement expenditure with
a 5 year lead into full depreciation treatment. From December 1991 onwards a loading
on depreciation allowances of 25% applied to land improvement and plant and machinery
items.
The approaches used in this study that departed from previous studies are as follows:
(i) An accounting convention is adopted where capital expenditures are recorded along
with all other expenditures and incomes at the end of the year. Previous studies,
with the exception of land development and construction, adopted a cost benefit
analysis convention where capital expenditure is recorded at the begining of a year.
(ii) A life for each capital category was defined as 50 years for buildings and land
improvement, and 15 years for plant and machinery. Earlier approaches assumed
infinite life spans for all capital categories. Effectively, the wastage added back is
equivalent to capital replacement to infinity.
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(f) Proportion of Capital Expenditure Financed out of Equity or Borrowed at the Market Rate
of Interest (e)
This study has followed the Laing and Zwart assumption of a constant (0.5) rate over the
whole period. Morgan and Evans used the "net worth" plus "reserves" to "total liabilities"
ratios for sheep and beef farming.
(g) The Concessionary Interest Rate (rm)
Concessionary interest rate was defined as the fraction of interest paid to total liabilities,
as in previous studies. This was available for both sheep and beef farming and dairy
farming over time from respective farm surveys carried out by NZMWBES and the NZDB-
Lie.
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Introduction
Since 1984 New Zealand agriculture h'lS been affected by the total removal of subsidies. At
the same time, there has been a liberalisation of the economy as a whole, and substantial
changes in international markets and production technologies.
In the intervening period the New Zealand Government has accepted the concept of
sustainability as the underlying principle of its development policies. This is most explicitly
recognized in the Resource Management Act 1991. The Act integrates the bulk of
environmental law and has as its over-arching objective the sustainable management of natural
and physical resources.
Several studies have examined the impact of the process of restructuring on the rural sector.
Most recently, Wilson (1994) has examined the impact of the policy reforms on farm families
in Southland. Fairweather (1987) examined farmers' responses to deregulation in two
counties in Canterbury and Otago. Cloke (1989) examined the impact of deregulation on two
communities on the West Coast and the Canterbury Plains. Other studies have examined the
broader impact of the policy reforms on the rural economy (for example, Wallace and
Lattimore, 1987; Sandry and Reynolds, 1990; and Fairweather, 1992). In Tararua District,
Grey, et al.( 1989) explored the strategies of adjustment to deregulation, and concluded that
most farmers in their (non-random) sample maintained production and profitability in the four
years from 1984/85 by concentrating on the enterprises they and their farms were best suited
for, namely sheep and beef.
More recently, a MAF report has attempted to assess the link between the economic reforms
in 1984 and environmental management (Reynolds, el al., 1993). However, the result is at
best unsatisfactory. For the most, part sustainable land management is viewed as less of
something - fertiliser or pesticide - and while it is acknowledged that there was a decline in
tree planting which might have helped counter erosion, the report assumes this was a
temporary "blip" that will soon be redressed. Moreover, the data presented are for the country
as a whole, and the distributional impact of change is ignored.
Little is known about how the policy reforms of the mid-1980s have influenced farmers'
attitudes to land management and management practices; nor is it known how farm poverty
impacts on the sustainability of farm households.
The World Commission on Environment and Development specifically identifies the need to
reduce poverty to achieve sustainable development (1987, p28). A recent paper from the
World Bank explores the links between poverty and sustainability and again highlights the
need to untangle the relationship between environment, economy and society if sustainable
development is to be secured (Goodland and Daly, 1993).
The policy reforms in New Zealand resulted in substantial drops in farm incomes and many
farmers had to leave the land. If indeed, as suggested, the impact of these reforms on the
environment was largely positive and any negative effects transitory, this raises serious
questions as to some of the fundamental issues presented by the World Commission. If, on
the other hand, the impact of the reforms on sustainable land management was not as
suggested, then equally serious issues are raised with respect to the direction and nature of
~
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current policies.
The Study Area
It would be difficult to identify anyone area in New Zealand which could be accurately
described as "typical" hill country. However, as Woods (1951) points-out with reference to
the old Akitio County (now largely absorbed into the Tararua District), in tenns of farming
conditions. this area is typical of that large swathe of hill country that stretches south from
East Cape to Cape Palliser and west from the Pacific coast to the central ranges of the North
Island (Figures I and 2). Although the area exhibits a range of growing conditions related
to relief and exposure. with rainfall of over 200mm on the Puketoi Range to over 4 OOOmm
on the summits of the Ruahine Range. most of the eastern coastal hill country has an annual
rainfall of between I OOOmm and I 400mm. The whole area is characterised by poor
moisture-retaining soils and high winds. In these respects at least. it contrasts sharply with
the heavy land, high moisture conditions found on the hill country west of the central ranges
of the North Island (Noble, 1985).
Tararua District is almost totally dependent on pastoral farming. Slopes are steep and
altitudes in the Puketoi Range exceed I 500 metres. These steep lands are dynamic and
fragile. They exhibit a wide array of environmental problems including weed infestation,
water pollution, possums, and erosion. Dannevirke is the major market centre, but other small
towns such as Ekatahuna and Woodville service some parts of the region. Smaller, once
thriving centres such as Pongaroa and Weber, have suffered serious decline.
In 1984, Tararua District had I 592 farms comprising 391 210 hectares. Sheep and beef
dominated the farm system. By 1991, the number of farms had only slightly decreased to
1,551 and the area in farms was 390,686 hectares. Sheep numbers declined from 2,742,071
in 1984 to 2,285,012 in 1994; over the same period beef numbers increased from 152,506 to
170,881; and milk cows rose from 58 842 to 101 809 (Figure 3).
Methodology
The concept of sustainability rests on an acknowledged relationship between environment,
economy and society. However, the relationship (linkages) between these three components
is poorly understood and has generated little empirical research. Indeed, it is difficult even
to state precisely the questions that need to be addressed, and this is particularly so in the
unique policy environment in New Zealand.
Recugnising these problems, it was decided to use a case study approach rather than to
attempt any large, extensive survey. Through intensive investigation of a relatively few farms
it was expected to gain greater insight than might otherwise be possible. It was also believed
important to interview farmers who had been forced off the land rather than base the research
only on those still in business.
Eight categories of farm households were identified: Those who, (I) sold early; (2) sold late;
(3) those still just hanging on; (4) those who were at risk - now sound; (5) those not at risk
in 1984 - now precarious; (6) those not at risk all along; (7) those who bought-in prior to
1990; and (8) those who bought-in since 1990. Built-into these categories was a desire to
include a wide geographical spread throughout the Tararua District, and a diversity of farm
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systems.
These eight categories were developed with the staff of Agriculture New Zealand in
Dannevirke. These same staff then developed a Iist of approximately 100 farmers categorised
into these eight groups. This list was refined through discussions with Agriculture New
Zealand, officials of Federated Farmers. and representatives of the East Coast Rural Support
Trust. The result was a final list of 42 farmers in the eight categories. From this list two
farmers in each category (16 farmers in all) were interviewed. The ultimate choice of those
interviewed rested with the author. who carried out all the field work.
All the interviews were carried-out between May 7 and May 29, 1994. In addition to the farm
interviews. a series of preliminary meetings/interviews was held with farmers and local
officials.
Each farm household selected was contacted in person, and a time arranged for a subsequent
meeting to complete the formal interview. Those individuals contacted were encouraged to
have their partners present. Because of the exploratory nature of the research, the interview
schedule was long and loosely structured. Each interview took three hours or more and where
necessary/possible more than one visit was made to the household. Given the nature of the
sample. on occasion many of the questions on the schedule proved irrelevant, and were never
posed. None of those contacted refused to co-operate, although there was inevitably some
variation in the level of detail provided.
Discussion
Figure 4 provides a tabulation of some of the key characteristics of those farmers interviewed.
Accepting the limitations imposed by data constraints, and by the lack of any valid theoretical
base to explore the linkages between poverty and the environment, a loosely structured
approach was followed in this work. The study was designed to generate "grounded theory"
(Glaser and Strauss 1967), or at least to allow the development of some hypotheses for further
testing, rather than for any rigorous analysis of established theoretical ideas.
All the farmers in business in 1984 responded similarly to the changes in government policy
and to this extent they mirror the findings obtained at a national level (Walker and Bell,
1994). They cut back on inputs, in particular fertiliser and pesticides, and reduced their
reliance on paid labour. They also stopped planting trees. All the farmers shifted their
sheep:beef ratio in favour of beef, some did this at least in part to try and maintain their
pasture despite a drop in fertiliser inputs.
Unable to use market goods due to a lack of finance, farmers and farm families had to exploit
non-market goods to their maximum potential. Most blatantly, this involved self-exploitation
as an unpaid, or at best underpaid, labour force. Many farmers reverted to shearing their own
sheep, raised bull-beef calves under contract, did all their own fencing, even to the extent of
using scrub timber for posts and reusing old fence wire. Unable to afford sprays, they tried
to control gorse and other scrub by hand cutting. Erosion control work ceased. Some farmers
ultimately sold farm equipment to try to remain financially viable and stay on the land.
In every case, the financial pressures of the mid-1980s generated physical and emotional
stress in the farm family. For several households, shearing led to back problems. Relationships
5suffered. Psychological damage ranged through mental breakdowns, memory "blockage", total
exhaustion. headaches, stiff necks. sleeplessness, and uncontrolled sha.<ing. Many of these
medical problems continue to affect these people today.
Some farmers who came near to losing their land did not. No one factor seems to
differentiate winners and losers. Without exception all the farmers interviewed (including
those who have lost their farms) stated firmly that the withdrawal of government subsidies
was not a determining factor, rather that the critical element was soaring interest rates which
ultimately reached levels of 29%. However, even this appears to have been manageable
where the debt load was low in relation to stock carried. or where an alternative income
source was available. Several farms were saved where off-farm work was available to one or
other partner. The debt discounting scheme operated by the Rural Bank plainly gave some
land users significant help in reducing their debt loading. however, several recipients while
acknowledging this assistance, admitted that additional land would have been of greater
long-term aid, and there is no evidence that the beneficiaries of debt reduction survived on
the land to any greater extent than those who did not receive aid. Several other factors
intervened. For many farmers financial survival would have been possible but for the cost of
ensuring their children's education. Health costs, and increasing awareness of the need to save
for their own old age generated additional financial pressure.
Several farmers noted that their survival, or their ability to delay their departure from their
farm was contingent on the years of prosperity prior to 1984. during which they had invested
in land development projects - paddock subdivision, stock water schemes. and the like. As
~ well, this development phase had provided an opportunity to build-up pasture quality through
~ use of fertilisers and pesticides.
The period from 1984 is one during which most farmers have run down their environmental
capital. For some this was an inherent part of their struggle to survive. Others were simply
responding to market signals - drops in land values, hikes in fertiliser costs, falling revenues,
and soaring interest rates. For many farmers who have managed to retain their properties, and
for some of those farmers who entered production in the late 1980s, this running down of
environmental capital continues today. Many of those interviewed acknowledged that they
remain unable to afford the conservation measures they believe their properties require, others.
notably the two farmers who moved into the area in the late 1980s, either refuse to accept that
environmental degradation is a problem or feel confident that, while their land is deteriorating,
they will have moved out of the area and off their farms before it impinges too heavily on
their production.
In the post-1984, period inability to maintain the necessary level of market inputs resulted in
lower output and smaller cash receipts. This pushed many farmers into a downward spiral of
poverty and ultimately out of business. Others continue farming today, even if some remain
financially in an increasingly precarious financial position.
The farmers responded to changes in market signals after 1984, by changing their production
system and input mix. Unable to control costs or income they ran down their non-market
capital - the land. The result is the imposition of an enormous if unquantifiable cost on the
broader community.
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Of the 16 respondents, 12 gave interpretations of sustainability which included the two
fundamental components of long-term viability and environmental protection. Thirteen of the
16 respondents had at some point in their time on the farm changed their land management
practices to address environmental needs. And on one key indicator of environmental
awareness, drench resistance, 14 of the 16 respondents had over the last 10 years either begun
to monitor for resistance and/or modified their drenching practices. Of those 12 farmers still
working the land, 10 are actively attempting to address environmental threats to sustainability
and are constrained from more aggressive action only by cost or by the need to ensure short-
term profitability. Of those 12 farmers, four believe that without radical changes in land
management their farms will not remain economically or environmentally sustainable.
Evidence of a decline in the sustainability of land management in terms of a comprehensive
set of soil tests over time. data on changes in the extent of erosion, water pollution, or pasture
quality are unavailable. However. the quantity and quality of fragmentary evidence (Figure
4) provides a compelling case that the combined impact of the 1980s policy changes and
associated shifts in financial conditions has resulted in a significant deterioration in the level
of sustainable land management. Nor can this easily be argued away as a brief, transitory
phase. The evidence that after a difficult three year transitory phase the farm system
"adjusted" to a more sustainable state (Reynolds, et al. 1993; Walker and Bell, 1994) simply
is not borne out by the facts.
The problems of environmental degradation continue today and are being perpetuated by at
least some of the "business minded" farmers who have entered farming in recent years. Many
of the environmental threats to sustainable land management in the Dannevirke area may be
resolved, at least in part, by market pressures leading to the expansion of forestry, but there
remain fundamental questions as to the potential for sustainable land management in New
Zealand's pastoral economy as run under "free-market" conditions. Sustainability requires a
shift from short-term thinking to decisions made on a long-term, strategic basis. The
traditional "family farm" was commonly believed to meet this criterion due to security of
tenure/land ownership and inter-generational transfer of the land within the family. Of the
16 farmers interviewed, four have lost their farms: of the remaining eight who still farm the
same property as in 1984, only three are confident their children will take over their farm;
most farmers felt strongly that their children should have some training for non-farm work
as a cushion against what they see as the increasingly high-risk nature offarming. Of the two
families who moved onto the land in the late-1980s, neither expects to spend their life on
their present property; and neither of the two remaining farmers has children.
The characteristics of "new entrants" to agriculture since 1984 is not wholly reassuring in
terms of the long-term sustainability of the land. What is particularly intriguing is the abrupt
contrast between those farmers who bought their farms before and after 1990. Those who
came onto the land in the late-I 980s might usefully be described as a "new breed" of farmers.
They are characterised by their lack of attachment to the land and to the local community.
To them the land is no more and no less than a commodity. In this they exactly reflect the
values and ethos of the New Right. Any long-term land management improvements will be
purely incidental to their primary goal of making the maximum profit from the land as
quickly as possible and then, if necessary or desirable, moving on. They entered farming
because land prices were low and they saw the potential to make money not simply through
the productive use of their land, but through projected increases in land values.
~
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Those families interviewed who moved onto the land after 1990 fit a much more traditional
mould. They come from established farm families; they consciously identified and bought
properties they felt they could afford, and have a strongly developed land ethic. However,
neither is convinced they will remain long on their property and they hope to move as their
financial status improves. They are financially conservative, but are increasingly willing to
take on more debt as their ability to manage existing debt improves.
All this raises interesting and important points as to the ability of the market to filter out the
inefficient and to reward the efficient, even if one does assume away the ability of the free
market to incorporate environmental costs and address issues of inter-generational transfer.
(There would be fairly general acceptance that this is not so, although economists seem to
remain split on whether the need is for a complete rethinking of traditional economic models
or a relatively simple need to address environmental issues as one of market failure. (See for
example, Science Council of Canada, 1992). On this score the data provided by the case
studies are inadequate for any firm conclusion. However, in so far as those farmers who lost
their farms did so due to the size of their debt relative to their assets, the evidence would
suggest that the losers were the risk takers rather than the inefficient. The debt: asset ratio,
measured in terms of dent per stock unit in 1984, for those who lost their farms, averaged
$78. For those who survived, it averaged only $51 per stock unit. The clear implication is
that those who survived were not necessarily inefficient, even in conventional economic
terms, but merely lucky or conservative in their assumption of :my debt burden.
Conclusions
Using a series of 16 case studies in the Tararua District, this paper has examined the impact
of the economic policy reforms on agricultural land management, and explored the linkages
between social damage and environmental degradation. The research behind the paper was
designed as an exploratory study of an issue recognised in the literature, but ill-developed.
Although the approach adopted set limits on the generalisations that can be made, there is no
reason to believe that the findings would not be replicated elsewhere, as the processes of
change, decision-making, and action are almost universal in a market-driven society.
The policy reforms initiated in 1984 impacted on farms through sector-specific changes, for
example, the withdrawal of SMPs and subsidies on fertilise-s, and through macro-economic
policy shifts which resulted in the devaluation of the dollar and soaring interest rates. Most
farmers agree that they could have worked through the changes in farm policy, but could not
readily cope with the simultaneous shifts in macro-economic policy. The total impact of these
changes was compounded for many farmers by family circumstances, adverse weather
conditions and extreme climatic events, including droughts and floods.
Farmers are almost unique in a modem economy in facing risk and adjustment on two fronts:
through changes in market demand, and through instability and change in the natural
environment. They are also, unlike many other economic actors, locationally "fixed". In this
context, the hill farmers in the Tararua District had few options to choose from in their
adaptation to the changes that occurred in the years after 1984. Most farmers responded
quickly by cutting capital inputs and hired labour, and shifting their stock balance from sheep
to beef.
Those fanners who survived most easily were those least in debt and/or had access to
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alternative sources of income. There is no evidence that those who had to quit their farms
were any more inefficient than those who survived. Indeed, what evidence there is implies
that those who lost out were commonly the best, most innovative farmers and valued
community leaders. They had taken on debts that only became unmanageable when their
assets shrank in the post-I 984 period.
Farmers responded to market signals. They cut costs and attempted to boost income. In the
struggle to survive they exploited non-market goods, their own family labour, and their land.
However, short-term gains must be balanced against long-term loses - pasture quality
deteriorated, erosion control ceased, and weeds and scrub increased.
The negative environmental impact of these economically rational shifts in land management
conflicts with the Government's stated policy commitment to sustainable land management,
it runs counter to international environmental conventions which New Zealand has signed, and
could harm New Zealand's international trade position. These adverse environmental effects
continue today, ten years after the reform process was started, and in some cases at least,
environmental degradation is getting worse. What is of particular concern is the
disappearance of a land ethic. Few farmers still on the land expect their children to continue
running their farm. Meanwhile there has emerged a "new breed" of farmers who have no
long-term commitment to the land, but see it purely as a source of investment to generate
short to medium term income.
Symptoms of environmental degradation are linked to symptoms of social damage. The
impact of the economic policy reforms has been played out through a series of changing
social conditions, evident within each individual farm family, and in the wider rural
community. Stress, reduced production, reduced capital inputs, and lower stocking rates all
playa crucial role in the sustainability of rural New Zealand. Efforts to address sustainability
must focus on these causal linkages or remain short-term "band-aid" solutions. At their heart
is the fundamental problem that reliance on market signals is inadequate to secure
sustainability and address the need to better integrate environmental, economic, and social
issues.
As discussed above, the farmers studied believe that the removal of subsidies to agriculture
was generally desirable and manageable. What generated the stresses experienced by the farm
community was the combined impact of macro-and micro-economic policy reform. These
changes played themselves out on the individual farms. Although some common responses
were identified e.g. cuts in capital inputs and changes in sheep:beef ratio, the ability of
individual farm families to respond effectively was conditioned by their particular
circumstances, in particular their debt load and access to ofT-farm income. The pressure of
change invariably led to a running down of natural capital - the land.
There are clear and important links between social well-being, poverty and sustainable land
management. The links are complex and not easy to quantify, but must be viewed as a vital
focus for any policies to secure sustainable development.
As this paper suggests, whereas deregulation is claimed to be good, if certain earlier
assumptions hold then in some circumstances we find it is IlOt. This begs the role of
government in those circumstances. As protectors of the environment, representing "all
9people", how should it respond to unexpected policy impacts?
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Abstract
A recent technical bulletin published by the Ministry of Agriculture and Fisheries,
concluded that rivers in intensive dairying areas in New Zealand were in poor condition, with the
Waikato being the "extreme example". The effect of dairy farming activities on water quality
illustrates a divergence between the incentives facing dairy farmers, and society's desire for high
water quality for a variety of uses. This paper examines the monetary incentives governing the
disposal of farm dairy effluent in a small catchment in the Waikato. In general, land based
disposal methods have less effect on water quality than pond or barrier ditch methods, but cost
more to install and operate. A lower cost alternative is the use of constructed wetlands to "polish"
pond or ditch effluent before disposal to water; however the polished effluent still contains
significant quantities of pollutants. The monetary incentives required to generate change from
pond or ditch based systems to these alternative methods are presented in the paper, along with
the environmental consequences of such changes. The pattern of disposal methods actually
observed in the catchment suggests that farmers are influenced by other factors, beyond the direct
monetary incentives in operation.
Introduction
Dairying is a significant land use in New Zealand, with over one and a quarter million
hectares devoted to it. There are over 14,000 seasonal supply and 600 town supply dairy farms;
running a total of nearly three and a half million dairy cattle. Export earnings from dairy produce
for the year ending May, 1993, was $3 billion, which approached 20% of Ne'v Zealand's total
export earnings. The most important dairying region is the Waikato, with over 35% of New
Zealand's dairy cattle found in the region (Statistics New Zealand, 1994).
Dairying is the most intensive pasture-based form of livestock agriculture undertaken in
New Zealand on a large scale, and is usually carried out on flat or gently rolling country.
Typically two to three cows are carried to the hectare in the Waikato. Dairy cows have a
considerable impact on the environment at these stocking rates. The large volumes of waste
matter produced both in pastures and in the milking shed may find their way into ground or
surface water, causing elevated nutrient, fish toxin, turbidity and faecal coliform levels. In
addition, cows may damage stream and ditch banks if allowed access to them. During Winter
when pasture is strictly rationed, cows' hooves frequently churn up the ground, and on sloping
ground the potential for sediment run-off into water courses exists. Overall, dairying produces
a range of external environmental effects arising from the interaction between land management
practices and water quality. Waste deposited in the dairy shed and in paddocks which finds its
IThis work was financially supported by Manaaki Whenua Landcare Research Ltd
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way into ground and surface water has the most significant effect on water quality.
This paper explores the monetary incentives facing farmers with respect to farm dairy
effluent disposal in a case study catchment, and evaluates the changes in incentives required to
generate change. The paper follows Scrimgeour (1995) in estimating likely annual charges
necessary to generate change to full land based disposal systems, arid in addition, considers
alternative policy instruments and treatment methods.
Water Quality in the Waikato
A recent publication (Smith et ai, 1993) concluded that rivers in intensive dairying areas
were typically in poor condition, with the "extreme" example being the rivers of the Waikato
region. A number of statistical tests of the relationship between water quality and a range of
parameters were reviewed by the authors. These tests indicated that the best predictor of riverine
water quality is the percentage of the catchment in developed (ie: fertiliscd) pasture. Agricultural
processing industry eflluent also adds to the degradation of many rivers.
A similar conclusion is reached for lake water quality in small North Island lakes - many
are eutrophied, and "(d)evelopment of their catchments, primarily for a~riculture, is almost
certainly responsible ... " (p. 65).
The effect of agriculture on ground water quality is mainly limited to an increase in nitrate
levels. Shallow groundwaters (down to 60 metres) only are affected, mainly in areas with high
stock density and high soil permeability.
Smith et al (1995) conclude that "pastoral farming degrades water quality" (p. viii).
Dairying in particular is identified as a major source of water quality degradation. In the Waikato,
the dairy shed eflluent produced in an average year has a BOD5 equivalent to a human population
of 1.3 million people. This represents only 20% of the total eflluent produced by the Waikato
herds - the rest is deposited on the pasture by the cows (Waikato Regional Council,
1994).
The effect of dairying on water quality is illustrated by the example in table I, in which
thc levels of turbidity, suspended solids, BOD5, dissolved inorganic nitrogen (DIN) and faecal
coli forms increase as the number of dairy sheds increases2 In stream 164, the levels of turbidity,
suspended solids, dissolved nutrients and faecal coliforms are all over the critical water quality
levels prescribed for contact and passive recreation. Stream 164 has 18 dairy sheds discharging
to it.
Water quality is poor in much of the Waikato region's waterways, lakes and groundwater,
being in many cases, unsuitable for recreation3 and human (and in some cases, stock)
consumption purposes. Water quality also limits the types of flora and fauna which can live in
the water. Although there are significant non-farm sources of contamination, farming in general,
and dairy farming in particular, appears to be a major cause of water degradation (Smith et ai,
1993).
2It is interesting to note the levels of contamination in the catchments clothed in native
forest. Stream 1641 has DIN levels that exceed the critical levels for contact and passive
recreation.
3As the Waikato region is an inland area, the loss of local water based recreational
activities has a considerable cost associated with it.
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Table 1: Median low flow concentrations in streams draining East Pirongia
Stream Turbid- SS BOD5 DRP DIN Faecal Site dis-
code ity ( g/m3) ( g/m3) ( g/m3) ( g/m3) coliform charges
(NTU) n/lOOml
1641 1.0 <2 0.4 0.014 0.141 43 native
forest
166 0.6 <2 0.6 0.004 0.090 42 native
forest
1642 0.75 <2 0.6 0.003 0.085 140 I dairy
shed
163 1.0 <2 1.0 0.010 0.026 255 I dairy
shed
170 1.4 <2 0.6 0.005 0.200 320 3 dairy
sheds
167 0.8 <2 0.6 0.004 0.083 180 2 dairy
sheds
164 3.6 4.4 0.85 0.011 0.130 1550 18 dairy
sheds
Note: An explanation of the terms used in table I and the details of the critical water quality
levels for various uses are contained in Appendix I.
Source: Mills, (1991) in Smith et ai, 1993; table A I6, p. 12
The rivers of particular concern are the tributaries of the Waikato River including the
Waipa, and the PiakolWaitoa Rivers. These rivers are all degraded in one or more respects, and
most are not suitable for contact or passive recreation. The major sources of contanlination in the
Waipa and PiakolWaitoa catchments are agriculture and agricultural processing.
Farm Dairy Effluent Treatment Methods
In the Waikato, few dairy shed discharges were treated before discharge twenty years ago
(WRC, 1994). The discharge of untreated farm dairy eflluent is now prohibited by the Waikato
Regional Council, although there is evidence that at least until recently, some farmers have
continued to discharge directly to water (Waikato Catchment Board, 1989; O'Neill and
Scrimgeour, 1991). The most common alternatives are discharge to oxidation ponds or barrier
ditches, and land based disposal.
Barrier ditches consist of three or more ditches through which effluent passes before
discharge. In the first ditch, ,the solids settle out, and some bacterial action occurs to begin to
break down the organic matter in the eflluent. In subsequent sections, bacterial breakdown is the
primary aim. An oxidation pond treatment system consists of two ponds; an anaerobic pond, and
an aerobic pond. Effluent enters the anaerobic pond first to breakdown solids and organic
~~
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materials; and then passes into the aerobic pond, which is much shallower to encourage aerobic
bacterial action. The final product of both ditches and ponds is usually discharged to water. The
Waikato Regional Council's guide (1993(d)) to waste treatment systems concludes that if ditches
and ponds are built in accordance with their criteria, and are well maintained, they should
reasonably consistently achieve satisfactory effluent quality standards.
However, in documenting proposed changes to the rules governing dairy effluent
discharges, the Waikato Regional Council (1994) commented that both pond and barrier ditch
systems may not be sustainable in the Waikato Region, owing to the intensity of dairying. In
other words, the volume of discharges appears to have overwhelmed the dilution capacity of the
region's waterways.
Land based disposal tends to have both higher capital and running costs than ponds or
ditches. The process involves the storage of raw waste from the dairy shed in a sump and daily
irrigation onto pastures; or alternatively, the waste may be stored in a pond (sometimes a disused
oxidation pond) and the contents spread two or three times a year. Sump systems usually require
a pump, hose and sprinkler system, or alternatively, a "honey" wagon or transportable tanker may
be used to spread the effluent. The effluent has the advantage of some fertiliser value (table 2),
which has been shown to stimulate pasture growth by between 25 and 50% on a range of soils
(McGregor et aI, 1979; Goold, 1980). The Waikato Regional Council (1994) indicates that the
shed effluent from a 200 cow dairy farm, if applied to a 17-18 ha area, would be equivalent to
applying 540 kg of nitrogen. Of this 80% is immediately available to plants, so the equivalent
amount of urea would cost nearly $400. More than half of the mineral nitrogen is lost to the
atmosphere when the effluent is stored for a few days. There may be temporary palatability
problems with stock grazing on the treated pasture. Difficulties may also arise when weather
conditions or management practices result in waste percolating into ground water or running off
into surface water. Such pollution is harder to monitor than the pollution arising from pond or
ditch based systems, because of its diffuse nature. Whereas pond or ditch based systems are
relatively easy to monitor through annual visits by MAF officers under contract to the Regional
Council, monitoring of the daily management required for some sprinkler systems is more
difficult. The incentive to move the sprinkler system less often than is desirable to prevent water
pollution is clear, especially when the farmer is busiest in Spring - this coincides with the time
when soils are most likely to be saturated and pollution is therefore more likely to occur. In some
respects, the storage of the effluent in holding ponds for distribution by tanker is a preferable
option to daily sprinkling, since it allows the farmer to choose the best time for application -
when the soil is dryer. The tanker is also able to distribute the effluent to any part of the farm (or
neighbouring farms) accessible to wheeled transport, unlike sprinklers which are limited by the
design of the system. Farmers may also prefer the task of occasionally spreading the effluent by
vehicular methods, to the labour of shifting irrigators (especially the daily shifting of pot
sprinklers). The disadvantage, however, of holding the effluent is the loss of nitrogen to the air,
which reduces the effluent's fertiliser value.
On balance, it seems likely that an improvement in surface water quality arising from a
reduction in pond and ditch discharges will exceed the loss in ground and surface water quality
arising from the equivalent increase in land based discharges, especially as the new rules
governing land based disposal in the Waikato (Waikato Regional Council, 1994) specify
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maximum loadings of both nitrogen per heCtare and total effluent per application to be applied4.
The rules also specify that the systems must be sited and operated so as to avoid odour and spray
drift nuisances.
Table 2: Chemical Analysis of Dairy Effiuent (mg/l).
Source: Hart and Speir, 1990; p. 70.
Research is continuing into other techniques for treating farm dairy effluent. The aim of
most of these techniques is to improve the efficiency of oxidation pond operation. For example,
the Waikato Regional Council is conducting trials at two sites (Te Pahu and Hautapu) on the use
of constructed wetlands for the further treatment of dairy wastes, after they have passed through
a two pond system. The advantages cited (Waikato Regional Council, 1993(d)) for wetland
treatment systems are:
they have the ability to treat a wide range of pollutants;
they have the ability to handle shock loadings of waste water;
they do not normally rely on electricity or machinery;
they have other uses (eg: wildlife, water reuse);
they are generally more culturally acceptable than direct discharge of pond effluent to a
waterway.
The Legislative Environment
The level of government with primary responsibility for water management under the
Resource Management Act (1991) is the Regional Council. They are charged with the control
of the use of water (including damming, taking and diverting it) and the discharge of
contaminants into water; as well as the control of the use of land for the purpose of controlling
water quality and quantity, and for the mitigation of natural hazards such as flooding (s 30).
However, territorial authorities retain the primary responsibility for land management (s 31).
The Act has as its stated purpose "to promote the sustainable management of natural and
physical resources" (s.5(1)). The challenge for Regional Councils in dairy effluent disposal, is
to design policies which enable farmers "to provide for their wellbeing", While at the same time
"safeguarding the life supporting capacity" of water; and "avoiding, remedying or mitigating the
adverse effects" (s 5(2)) of dairy effluent on the environment.
Councils are constrained by the Act to prohibit the discharge of contaminants which, after
reasonable mixing, cause conspicuous oil or grease films, scums, foams, floatable or suspended
materials; conspicuous changes in colour or visual clarity; emission of objectionable odours; the
rendering of the water unsuitable for stock water; or any adverse effects on aquatic life (s.70).
4Some concern has be~n expressed that application of effluent to land, even at the rates
considered safe by the Regional Council, may not be sustainable, and that some sort of nitrogen
removal may be required eg: cropping (submission by Derek Devoy of AgResearch and the Chief
Executive of the Dairy Research Corporation, in: Waikato Regional Council, 1993e).
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Farm dairy wastes, when insufficiently diluted, cause a number of these effects. Hickey et al
(1989) documented the biological oxygen demand, suspended solids, faecal coliform and
available nutrient levels at the discharge pipe of 11 farm dairy effluent oxidation ponds. These
ponds had been built to the national Ministry of Agriculture specifications, and were all
apparently well maintained. The levels of all the indicators were very high, such that to meet the
bathing criterion for faecal coliforms or to prevent nuisance level algal proliferations, greater than
a 2700 fold dilution would be required. Without adequate dilution, oxidation pond discharges
are likely to cause river deoxygenation and high ammonium levels, with accompanying adverse
effects on aquatic life; high suspended solids, causing a reduction in clarity and colour changes;
elevated nutrient levels, causing nuisance algal growths; and faecal coliform levels which make
the water unsuitable for bathing and sometimes even stock watering.
The Policy Response
The Waikato Regional Council (WRC) responded to the RMA in the first instance, by
embarking on a round of extensive community consultation, the result of which is "Vision 2000"
(199Ib). Twelve visions arose from the exercise. Vision two is for clean water, contamination
of which is avoided through preventative measures and appropriate treatment of human,
agricultural and industrial wastes, so that there are negligible amounts5of sediment, nutrient and
mineral runoff into waterways, lakes and seas. This vision, along with the provisions of the
RMA, provided the WRC with a mandate for change in the rules governing farm dairy effluent
disposal.
Until October 1994, farm dairy effluent disposal by farmers in the former Hauraki
Catchment Board area had been governed by a general authorisation in the Transitional Regional
. Plan (WRC, 1991a). No similar rules existed for the former Waikato Catchment Board area, and
full consents for dairy shed discharges had been required since the passing of the RMA. A small
annual charge was paid by Waikato farmers and not (in general) by Hauraki farmers. The WRC
proposed a change to the Transitional Regional Plan in 1993 (WRC, 1993b), which became
effective in October, 1994.
The changed rules make discharges to land a permitted activity under the Resource
Management Act, provided certain conditions are met. The annual charge of nearly $200/year
is waived for these discharges. Other discharges to land, and discharges to water from treatment
ponds, barrier ditches and other systems meeting specified discharge standards are discretionary
activities requiring a resource consent (which may be notifiable at the Regional Council's
discretion) in the new regime, and untreated discharges remain prohibited. The current method
of monitoring compliance with the regional rules (ie: annual inspections by MAFQual officers)
will continue.
The WRC anticipates that this policy will increase the proportion of farmers applying
effluent directly to the land, and that there will be a progressively reducing environmental effect
from dairy shed effluent.
The balance of this paper examines the incentives facing farmers before and after October
1994 in a case study catchment (the Mangaonua), to evaluate whether such an expectation is
5If all wastes in the region were treated to such an extent that levels in waterways were
negligible, the costs would be extremely high. It is unlikely that treatment to these levels would
be socially optimum.
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justified.
The Mangaonua Catchment
The Mangaonua catchment covers an area of 195 square kilometres to the southeast of
Hamilton city, extending to Cambridge in the south and the Te Miro hills in the east (Map I).
The two major stream systems are the Mangaonua and the Mangaone. These streams converge
just before their confluence with the Waikato River. The Mangaonua arises in steep native bush
clad hills, then passes through about five kilometres of steep farmland before entering flat land
downstream of Flume Road. In its headwaters it has a cobble and boulder bed, and is swift
flowing in a torrent-pool-rapid sequence. At Flume Road it becomes a slow moving waterway
in an artificially straightened and uniform channel, with a silt and fine gravel bed. The Mangaone
Stream arises from agricultural drainage in flat farmland, and is slow moving between sharply
incised banks, with a stream bed comprised of fine organic sediments (Waikato Valley Authority,
1986).
Soils in the catchment are mainly free draining, so although natural drainage is poor and
surface flooding frequent in the lowland areas, water drains away quickly. The climate is equable,
with moisture deficits common in summer, and high intensity rainfall frequent.
Stream flow in the catchment is augmented by inflows of groundwater, which contributes
90% of the base flows.
The catchment supports a variety of macrophytes, and invertebrate and fish populations.
The higher quality of the Mangaonua's headwaters is reflected in the species found there. The
most common fish species found in a 1984/5 survey of the catchment were long finned eels,
common smelt, black mudfish (an endangered indigenous species), rainbow and brown trout,
torrent fish, common bully, Crans bully and mosquito fish (WVA, 1986). Of these, trout are
recreationally fished, and eels and smelt (as "whitebait") are both commercially and
recreationally fished.
Recreational use of the streams is limited by their small size, the silty nature of the
substrates in the lower catchment, and the low level of water quality. Some recreational eel
fishing and duck shooting has occurred in the catchment (WVA, 1986).
Consumptive water use in the catchment is summarised in table 3.
Table 3: Water use in the Mangaonua catchment by source.
Predominan t Town Supply Rainwater Groundwater Surface water
Use mJ/d m'/d mJ/d m'/d
Domestic * 74 370 1158 -
Stock water * - 0.3 1095 107
Irrigation ** - - 3278 6093
Industrial ** - - 4039 1920
Total 74 370.3 9570 8120
* -based on survey
** -based on water rights - these represent a maximum, not necessarily the actual amounts used.
Source: WVA, 1986, p. 239.
8The major industrial users of groundwater in the catchment are dairy factories, and
surface water is used by a sand washing plant. Irrigation water is applied to agricultural and
horticultural crops, and to pasture.
In 1993, there were some 95 dairy discharge consents in force in the catchment, and 8
piggery discharge consents. Of these consents, about 50% were for discharges to land, and the
balance were to surface water, after treatment in barrier ditches or oxidation ponds. Four dairy
properties apparently discharged to water without treating the effluent at all (WRC files). There
were 15 other discharge consents in force in the catchment in 1993, mostly for storm water. The
most significant non-farming discharge is the discharge of dairy factory waste (up to 3600
m3/day) in the Mangaone sub-catchment. This discharge is to land, and is the source of a
significant proportion of the nitrate entering the Mangaone Stream.
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policy makers would prefer all farmers in the catchment to dispose of effluent to land (in a way
such that groundwater contamination is avoided), many choose not to do so because they
consider that it would not be to their best advantage.
If water quality were increased, more use could be made of the catchment for other
purposes. Recreational use of the catchment's streams, even if they were less degraded, is limited
by factors such as difficult access, the small size of the streams and the nature of the substrates.
However, the Mangaonua Stream has the potential to be a significant habitat for native and
valued introduced fish species, given an improvement in water quality (T. Roxburgh, DoC, pers
comm).
The Historical Incentives Facing Farmers in the Catchment
Profit maximising farmers who have adequate computational ability and all the currently
available information on farm dairy effluent disposal, would be able to rank the disposal options
on the basis of their cost effectiveness. The results of such an analysis are presented in table 4.
The table indicates that the incentives to the profit maximiser are clear. The obvious
choice of disposal method in the pre-1994 institutional environment was to build and use
oxidation ponds. An earlier study (O'Neill and Scrimgeour, 1991) found that barrier ditches
would be the preferred option, and small differences in the capital and maintenance cost
assumptions would alter the results in table 4 sufficiently to make the difference between the two
disposal systems insignificant. On this basis, the model would predict that all farmers in the
catchment would be disposing to oxidation ponds or barrier ditches, and then to surface water.
This is patently not the case, as table 5 illustrates.
Herd Size Under 200 cows Over 200 cows
Daily disposal to land 23,300 23,200
Twice yearly disposal to
land
-from existing ponds 18,200 26,000
-from new ponds 20,400 29,200
Oxidation ponds
-existing 3,100 3,600
-build new ponds 5,500 7,300
Barrier ditches
-existing 6,500 8,100
-build new ditches 8,400 10,500
Add wetland
-to existing ponds Id 6,300 8,000
-build new ponds 8700 11400
.....,l.
1..0(j\
Water Quality in the Catchment
Water quality is low in the catchment and compromises many po:,sible uses (see
appendix 2 for details). Levels of suspended solids, dissolved nutrients and faecal coliforms are
too high for contact or passive recreation. Faecal coliform levels are higher than the critical levels
for stock consumption and irrigation. However, an improvement has occurred in most of the
water quality indicator values between the two survey years (1984-5 and 1990-91), although
nitrate levels in the Mangaone Stream exhibited more than a 10-fold increase in the upper and
middle reaches. The macroinvertebrate community index declined over much of the catchment
between the two years, indicating that pollutants of importance to macroinvertebrate survival had
become more significant.
Ground water in the catchment is of highly variable quality, with many wells having a
naturally high iron content. A more widespread problem is nitrate contamination. Nitrates from
point sources such as septic tanks, leaking oxidation ponds and spray effluent sites (both farm
dairy effluent and dairy factory effluent), and diffuse sources such as leachates from grazing
animal wastes and nitrogenous fertilisers move into the ground water. The nitrate levels in wells
in the catchment are in many cases over the recommended maximum level for drinking water6.
Ground water inflow into surface water in the catchment has important effects on the water
quality of the streams, especially nitrate, dissolved oxygen and suspended solids levels. The latter
two quality indicators are influenced by the inflow of groundwater naturally rich in reduced iron,
which exerts an oxygen demand on entering the surface water, and subsequently forms iron flocs
which increase water turbidity. A significant source of nitrate contamination in the Mangaone
Stream is the irrigation of dairy factory wastes at high annual application rates to dairy farms
adjacent to the stream (Selvarajah et ai, 1994).
The current level of water quality in the Mangaonua catchment has long been viewed as
unsatisfactory by the Regional Council, and its predecessor, the Waikato Valley Authority, with
most of the blame directed at dairy farm, piggery and dairy factory discharges (van Rossem.
1991; WVA, 1986). However, the observed level of environmental quality may be seen as the
rational response by decision makers in the catchment to the incentives they face. Whilst regional
Table 4: Present Values ($) of the Net Cost Streams Arising from Different Disposal
Methods Before October 1994
6 The NZ Department of Health maximum recommended nitrate level is 109 of
nitrate-N/m3 (roughly equivalent to the WHO recommended level of 50 g of
nitratelm3). High nitrate levels in drinking water is associated with
methaemoglobinaemia in bottle fed infants.
Notes: Discount rate of 10% used:
The fertiliser value of the effluent is included in the land based disposal calculations at
the conservative levels suggested by WRC (1994). This is lower than those in WRC
(l993d). Research is continuing to refine these values (Selvarajah, WRC, pers comm).
~
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Table 5: Treatment of Farm Dairy Effluent discharges in 1984/5 rond 1993/4
Treatment Total Number 1984/5 Total number 1993/4
Method
Oxidation ponds 32 26
Barrier ditches 9 15
Land disposal 41(1) 46
Other system 19 (2) 4
Not 3 4
specified/none
Total 104 (3) 95 (4)
Notes: (I) Includes piped to paddock, spray irrigation, tank disposal and disposal to
wasteland.
(2) Blind and open drains.
(3) 33% of these were considered unsatisfactury.
(4) 22% of these were considered unsatisfactory.
Sources: WVA, 1986; and WRC files.
The simple model of the "well-informed, computationally-competent profit-maximiser
responding to price signals only" cannot explain the 1993/4 distribution of treatment methods.
In addition it cannot explain the trend towards land based disposal in the catchment illustrated
in table 5, since the only change in real price signals between the two survey years (the
introduction of, and subsequent increases in fees for consents) is common between all the
disposal methods. Farmers in the catchment evidently have goals other than profit maximisation
(Parminter, 1993), are responding to other incentives as well as the price signal, and are likely
to have computational and informational limitations. For example, farmers may have converted
to land based disposal because they want to do what is "environmentally correct", or because they
expect the disincentives to pond/ditch disposal to become stronger in the near future7 •
However, the model can be used to calculate a likely upper bound on the price signal
increase required to generate conversion to land based disposal (or wetland establishment) in the
catchment, given the assumption that the last farmers to convert will be those who seek to
maximise profits, and who have no "environmental rectitude" constraint8. On this basis table 6
summarises the annual charges that would be required to generate conversion to the disposal
7A broad hint that such stronger disincentives are likely is included in the new regional
rules, which state that where there are adverse effects from pond/ditch systems, financial
contributions may be considered to mitigate these effects in the future.
8It is assumed that all farmers have access to the necessary information and computational
facilities at no cost. This is a reasonable assumption, since the Regional Council will provide
information and computational assistance, though farmers may not choose to avail themselves
of it!
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methods specified by nearly all farmers9, given that charges are waived after conversion..
Table 6: Annual Charge required to generate change in the effluent disposal method ($)
Existing and New treatment Herd size under 200 cows Herd size over 200 cows
method
Existing ponds to land- 1,600(1) 2,100 (2)
based
Existing ditches to land- 1,300 (I) 1,600 (2)
based
No system to land-based 2,000 (3) 2,300 (2)
Existing ponds to 500 700
ponds+wetland
Existing ditches to
ditches+wetland 800 1,100
No system to 700 1,000
ponds+wetland
Notes: (1 )Assumes the farmer will retain the ponds and utilise contractors to spread the contents
twice yearly, since this is the least cost land-based disposal option for smaller farms.
(2) Assumes the farmer will convert to a full daily irrigation system, since this is the least
cost land-based disposal system for larger farms. This is because the capital costs of
installing a full eflluent irrigation system increase at a decreasing rate, whereas the
benefits of the fertiliser value of the eftluent increase in a linear fashion with the number
of cows milked.
(3) Assumes the farmer will build oxidation ponds and utilise contractors to spread the
contents twice yearly.
Although table 6 assumes that the price signal would be delivered via an annual charge, this need
not necessarily be the case. An alternative price signal could be a one-off subsidy to convert to
land based disposal, or a one-off charge to those farmers who wish to continue to discharge to
water (perhaps the purchase price for a discharge right). Table 7 details the size of the one-off
subsidy or charge that would be required to send the appropriate price signal to farmers, to
generate change to land based or wetland disposal. It has been assumed that one of the
requirements of the subsidy is the installation of a daily irrigation system, rather than continuing
to use ponds or ditches and spreading the contents to land twice yearly. It seems likely that
subsidies would be tagged in this way to avoid the possibility of fraud. It has also been assumed
that continuing discharge to water would incur the current annual WRC charge, whereas
discharge to land or to wetlands would not incur any charge. In the case of wetlands, the size of
~he costs used to gener~te table 6 are typical of the catchment. However, some farmers
do face higher than average costs, and if these farmers are also profit maximisers with no
"environmental rectitude" constraint, then they are unlikely to convert even with the charges
specified in table 6.
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the subsidy is considerably lower than the capital cost of construction, because of the effect of
the saved expenditure on annual WRC charges. However, the subsidy calculated to generate
change to land based disposal is higher than the capital cost, because of the continuing higher
operating costs for land based disposal compared with ditches and ponds, despite the waiving of
the annual charge. In practice, it is likely that many farmers would take the offer of a 100%
subsidy of the capital cost of a land based disposal system. However, the political acceptability
of such a subsidy is highly questionable.
Existing and New treatment· Herd size under 200 cows Herd size over 200 cows
method
Existing ponds to land- 18,600 18,000
based
Existing ditches to land- 15.200 13,500
based
Existing ponds to 1,400 2,400
. ponds+wetland
The addition of wetlands to all current pond/ditch disposal systems would reduce oxygen
demand, nutrient. suspended solid and faecal coliform levels entering the streams in the
catchment. Treatment of all the catchments farm dairy effluent by land based methods has the
potential to eliminate pollution of the streams from this source. However, non-point sources
would continue to reduce the quality of water in the catchment, as well as other non-land based
discharges, such as the piggery and industrial discharges. Natural sources of water quality
reduction would also continue. The levels of oxygen demand, nutrients and suspended solids
entering water ways from farm dairy effluent, under various treatment assumptions, are estimated
in table 8.
Whether these reduced levels of discharges can be supported by the catchment is open
to question. The levels of critical factors such as ammonia will be different in situations where
all the discharges are evenly spaced along the waterways from situations where clusters of
discharges occur, because the constituents of effluent do not in general cumulate in a
straightforward fashion in the stream. Sediments, for example, settle out, nutrients are absorbed
by aL[uatic plants (and released again on decomposition), ammonia is oxidised to nitrates, and
biological oxygen demand is satisfied from the dissolved oxygen in the water. These processes
may be modelled using, for example, DOFlow and Basin-NZ (both developed by NIWA), to
estimate the final environmental outcomes of a change in effluent disposal methods. It may be
that the catchment can support a number of surface water based discharges and still meet a target
water quality, provided that they are spaced at larger than some critical interval. A more complete
analysis than that which is possible in this document would therefore entail the setting of the
desired water quality in the catchment and the derivation of the number and spacing of discharges
that could be supported, whilst maintaining the target water quality.
Notes: (1) This is a very conservative estimate of the levels entering the waterways. The
estimates are derived from data in Hickey et al (1989). This work measured the
concentrations of pollutants at the discharge pipe of well maintained ponds. Well over
half the pond/ditch systems in the Mangaonua catchment were considered to be marginal
or unsatisfactory in the 1993/4 year (WRC files). In addition, four farmers were listed as
having no treatment system at all - if these farmers were discharging directly to water, the
levels above would be considerably higher, for example, suspended solid discharges
could be expected to increase by 180 kg/day over the estimates above.
(2) These estimates are derived from Tanner (1994) and Tanner et al (1994), assuming
a retention time of 3 days in the wetland, and conservative 00 and DRP reduction
estimates.
(3) Although land based disposal potentially avoids contamination of waterways, in
practice it is likely that some surface runoff to streams and groundwater contamination
(and subsequent surface water contamination as groundwater flows into the streams) will
occur.
Discussion and Conclusions
Waterways in the case study catchment are degraded by the current levels of effluent
discharged to them. Policy makers and the wider community of water users desire a higher level
of water quality than is currently being achieved. Technologies exist for improving the treatment
of farm dairy effluent. However, the incentives facing dairy farmers have not been enough to
persuade them to adopt such methods in sufficient numbers to generate the required improvement
in water quality.
The level of annual charge required to make the modelled farmers indifferent between
land based and pond/ditch treatment is reasonably low, and the level required to engender
indifference between wetland polishing and standard treatment is even lower. However, the
current level of WRC charges (approximately $200) are very much lower than those required to
generate change. The Resource Management Act specifies that charges may only be set at a level
which meets the "reasonable costs" of the local authority in respect of the activity to which the
charge relates (s.36(4)). The WRC could not therefore legally impose the charges derived in this
paper. If such charges were imposed, however, the effect on the profitability of dairy farming is
From current With wetland All discharge to land
ponds/ditches (1) polishing (2) (3)
Oxygen demand 191 82 a
(C+N) (kg/day)
DIN (kg/day) 35 14 0
DRP (kg/day) 6 3 a
Suspended solids 92 20 a
(kg/day)
Table 8: Discharge levels to catchment waterways
One-off Subsidy or Charge Required to Generate Change to Land Based
Disposal ($).
Table 7:
p.-\
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not likely to be profound under current conditions, and were the charge to be returned to the dairy
farming sector, its acceptability would increase. The equity and property right implications of this
and other policies are explored in Parminter (1995).
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APPENDICES
Appendix 1: The Measurement and Critical Levels of Water Quality
Water quality is a multi-dimensional concept which requires a number of measures. The
usual measures (Smith et ai, 1993) are:
clarity: three measures are used. The weight of suspended solids (SS) may be measured
in grams per cubic metre of water, turbidity may be measured in NTU (nephelometric
turbidity units, a measure of the light scattered by undissolved particles), or the depth at
which a black disc becomes invisible may be measured in metres. Clarity is important for
the enjoyment of swimming, fishing and passive recreation, and for the wellbeing of
many aquatic ecosystems.
organic matter content: measured by the amount of oxygen consumed by organisms as
they degrade the organic matter. The usual measure is biological oxygen demand (BOD),
commonly BOD5, the amount of oxygen consumed at 20 degrees C over five days. High
BOD values are associated with the growth of sewage fungus and with fish respiratory
distress and death.
dissolved nutrient status: measured by the levels of dissolved reactive phosphate (DRP).
and dissolved inorganic nitrogen (DIN) in grams per cubic metre of water. These
represent nutrients which are readily available for plant growth. High levels are
associated with water weed proliferation. High levels of nitrate are implicated in a form
of cyanosis.in bottle fed infants during the first six months of life. High levels of
ammonia nitrogen are toxic to aquatic fauna.
dissolved oxygen levels: measured as percentage of saturation concentration, or as grams
of dissolved oxygen (DO) per cubic metre. Declining DO levels damage aquatic
ecosystems and a minimum level of DO is desirable for public water supply.
pH levels: this is a measure of the acidity or alkalinity of water. Extremes of pH are
damaging to aquatic ecosystems and are undesirable for public water supplies.
infectious microbe levels: measured by the number of faecal coliforms and/or enterococci
and/or E. coli per 100 millilitres of water. These microoes occur in water primarily as a
result of faecal contamination. and are a public and stock health risk.
Water has many different end uses. Each use has particular water quality requirements.
Smith et al (1993) recently tentatively identified the critical or threshold levels of the most
important measures of water quality, in each case for the most sensitive end uses (Table A I).
I7
Table AI: Critical water quality levels
Variable Water use Indicator concentration
Clarity Contact and passive Black disc: 1.6 m
recreation Turbidity: 2 NTU
Suspended solids: 4 g/mJ
BOD5 Contact and passive 3 g/mJ (low molecular
recreation weight inputs lO)
5 g/mJ otherwise
DRP Contact and passive 0.010 g/mJ
recrcation
DIN Contact and passive 0.100 g/mJ
recreation
Nitrate-N human consumption 10 g/mJ
stock water 30 g/mJ
Ammonia toxicity Aquatic ecosystems Varies with temperature and
pH
DO Aquatic ecosystems 80% of saturation
Water supply 5 g/mJ
pH Aquatic ecosystems acceptable range 6-9
Human consumption acceptable range 7.4-8.5
Faecal coliforms Contact recreation 200/100 ml
Stock water 1000/100 ml. with no more
than 20% over 50001100 ml
Human consumption nil1100 ml
Irrigation 10001100 ml
Enterococci Contact recreation 33/100 ml
E. coli Contact recreation 1261100 ml
Source: Smith et ai, 1993; tables 2.1.1 (p. 5).3.2.1 (p. 70), and 3.2.2 (p. 7 I).
IOlow molecular weight compounds are those such as simple sugars (eg: lactose). These
stimulate the growth of sewage fungus at lower BOD levels than the higher molecular weight
compounds found in for example, primary treated sewage or meatworks effluent.
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Appendix 2: Surface water quality in the Mangaonua Catchment in Two Survey Years
Table A2: Surface Water Quality in the Mangaonua Catchment.
Indicator 1984-5 1990-1
Temperature M'nua headwaters 16 18
(degrees contluencc 17 18
Ccbius) M'one headwaters 17.5 18
confluence 17 16
pH M'nua headwaters 6.8 7.1
miLlrcachcs 6.4 6.4
confluence 6.8 6.8
M'one headwaters 6.3 6.6
midrcaches 7.1 7.0
contlucnce 6,8 6.6
Dissolved M'nua hcau\...·atcrs >9 >10
Oxygen throughout >6 >8
(g/m J) M'one hC;luwalcrs 6 4.5
midrcachcs 8 >8
confluence 6 7
DO levels < 80% of
saturation at Dreadnought at
times.
BOD, M'nu;] hcauwatcrs 1.4 1.2
(g/m') midrcachcs 1.4 1.2
contlucncc 2.2 08
M'one hcatlwatcrs 3.2 2.2
midreachcs 2.5 1.5
conllucncc 1.7 1.0
Suspended M'nU3 headwaters 7 9
N solids miJrcachcs 5-14 5
0 (g/m o') conllucncc 5 7
t--.l. M'one hC:HJwmcrs 17 15
miJrcaches 12 15
contluence 4 5
Ammonia-N M'nu<I headwaters 0.15 0.1
(g/rn') midrcachcs 0.1 0.15
coolluencc <0.1 <0.1
M'one headwaters 0.2 0.5
millrcaches 1.2 0.1-0.4
confluence 0.1 0.1
Nitratc-N M'nua headwaters < I <I
(g/rn') midrcachcs I I
conlluence <2 <2
M'one headwaters I 26
midrcaches 3 6-13
connuence 2 4
Dissolved M'nua headwaters 0.06 0.04
reactive midreaches 0.06 0.04
phosphate confluence 0,1 0.05
(glrn') M'one headwalers 0.2 0.1
midreachcs 0.3 0.1
conlluence 0.1 0.1
Faecal M'nua headwlJtcrs > 1.000 > 1.000
coliforms midrclJchcs > 1.000 > 1.000
(no/100rnl) conlluencc > .0,000 > 1.000
M'one hcadwnters > 1.000 > 1.000
midreaches > 1.000 > 1.000
conlluence > 10,000 > 1.000
Source: derived from van Rossem, 1991.
Note: M'ua ::::Mangaonua Stream; M'onc==Mangaone Stream. Confluence refers to the conlluencc of these two streams, not the
conlluence with the Waikato River.
Source: Waikalo Valley Authority, 1986
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Impact analysis of Blackberry
in the Manawatu Wanganui Region
Fiona Duncan
Introduction
The Biosecurity Act was enacted on I October 1993. It repeals several other acts relevant to
plant pests and their control including the Noxious Plants Act of 1978. The general ethos of
the new act is that it ensures that legal authority will only be used to control organisms which
people have agreed they want to control. The Biosecurity Act places much of the responsibility
for identifying these organisms with regional councils.
Under the Biosecurity Act the principle means by which regional councils undertake pest
management is via the implementation of a regional pest management strategy. To implement
a pest management strategy regional councils must have completed an impac' analysis of the
pest and the proposed pest management strategy.
The objective of this study is to provide an impact analysis of blackberry and a possible
blackberry control programme in the Manawatu Wanganui region that will fulfil all the
requirements of the Biosecurity Act.
This study first looks at some background as to why government becomes involved in pest
control and how they can ensure the programmes they implement are the most efficient
possible. It then goes on to look at the characteristics of blackberry that lead to it being
wnsidered a pest. From there the method of analysis used in this study is described and the
results of the analysis are presented. Finally a summary of the recommendations resulting from
this analysis is presented.
Background
The Biosecurity Act provides for the regulation and enforcement of pest control by regional
councils or central government through the implementation of a plant pest management strategy.
The reason behind government becoming involved in pest control is an attempt to compensate
for the market failures implicit in the nature of pest control.
The objective of economics is to allocate the resources available in such a way that the well
being of society is maximised. A pest control program should use resources in such a way as
to help achieve the objective of welfare maximisation. Economic theory advocates the market
system to allocate resources efficiently to their highest value use. In the ideal market system
individuals would be responsible for the control of pests that affect them. The logic behind this
is that the individual gains benefits from pest control so he/she would be willing to pay for that
benefit. In this situation people would control pests up to the level that the marginal cost of
pest control would equal the marginal cost of that last unit of control. For the market to work
;n such an idealised way, all commodities including pests need to be private goods (or bads)
with clearly defined property rights. When this condition is not met the market system fails and
does not maximise social efficiency. Private and social optimums are not at the same point.
In many situations pest control does not ha~e a clearly defined property right structure. There
are both externality and public good aspects associated with pest control. This may result in
a less than optimal distribution of resources if distribution is left to the market system.
Externalities are costs or benefits that affect a third party outside the domain of the individual
decision maker. Where externalities are present and the individual makes a decision, property
rights are not clearly defined and the individual does not compensate or receive compensation
from the third party. This means external cost and benefits are not internalised into the
individuals decision function and the distribution of resources does not reflect the true value to
society of the activity, in this case pest control.
An example of how the problem of externalities may be applied to pest control is the control
of weeds capable of spreading viable seed a long distance. When one farmer controls hislher
weeds the neighbouring properties enjoy a positive externality due to reduced invasion and
infestation of these weeds on their properties. Because of this reduce weed spread, the
neighbours' production increase and weed control costs decrease. However when the farmer
who carries out the weed control makes a decision on the level of control, the benefits gained
by the neighbour are not included in the decision function. This is because there is a failure
in the property rights structure and the neighbour cannot be made to pay for the benefit he/she
receives. Only the private benefits gained on hislher own farm are considered by the farmer
making the decision. From society's perspective the farmer under-invests in weed control since
the marginal benefit considered is the farmers private benefit only, which in this case is less
than the social benefit.
The reverse is true if a farmer does not control hislher weeds, he/she suffers private costs of
lost production but neighbours will also have costs imposed on them through increased levels
of infestation and invasion. The external cost imposed on neighbours is not considered by the
individual in hislher decision not to control weeds as he/she will not be made to compensate
any neighbours.
Another reason for the breakdown in property rights associated with pest contrc>1 is the public
good aspect. A public good is one where when is has been provided it is difficult to exclude
non paying individuals from benefitting from it. Where there are public good characteristics
associated with an action the market fails to provide at the socially optimal level since the
person who pays for the property right cannot exclude others from benefitting from what they
have paid for.
Pest control can be considered a public good in two ways. The first is in as far as it is applied
to public land and national parks. In these areas, once pest control is carried out, no one who
uses the parks or land can be excluded from benefiting from it. This means no individual will
be prepared to pay for the socially optimal level of pest control to be carried out.
The second is in the case of a regional pest control program. Where pests are easily dispersed
and their source cannot be identified, control on private property is unlikely to be socially
optimal. Control on one property will not be effective unless all neighbouring properties do the
same. The solution requires some co-operation between parties. Even in the case of co-
operation there is an incentive for the individual to understate the benefits he/she gains from
a regional control program if payment is going to be related to benefits. This is because if a
regional pest control program is implemented the individual will benefit from less externalities
in terms of pest spread. This benefit comes regardless of whether they contribute to the control
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program or not. The result of people understating the benefits gained from a control program
is a less than socially optimal level of control being carried out.
Because the property rights associated with the costs and benefits of pest control are not clear
the market fails to allocate resources to their most efficient use. This means it may be
advantageous for government to become involved in the process of distribution. The objective
of government intervention is for the result to improve on the market system in tenns of
resource distribution and optimising social welfare. In order to achieve this government has
to identify those activities that best increase wellbeing. The government must then prioritise
their resources to those activities that provide the highest returns.
Government administered pest control programs mayor may not increase social well being.
The Biosecurity Act requires an analysis of the impact of a pest and a pest control program to
prove that controlling a pest will be of benefit to the nation or region. Techniques such as cost
benefit analysis may be used to assess pest control programs. Cost benefit analysis can assist
in detennining the areas of greatest community benefit from noxious weed control programs
and in demonstrating those benefits to the community.
Cost benefit analysis is not only used to compare competing projects, it may also be used to
compare the results of the situation with a certain course of action to the situation without it.
The without situation is seldom the status quo. This is particularly applicable to pest control
problems where there is almost invariably population growth. If pest control (on a farm for
example) is carried out today, there will be benefits in terms of increased production. There
will also be increased control costs. However if control is not carried out, the opportunity cost
of production foregone will increase as the weed spreads and production declines.
The analysis in this paper was based on the methodology outlined in a consultants report to the
Biosecurity Generic Guidelines Group. The report by Professor Anton Meister and Doctor
Robert Alexander outlines a procedure that may be used for plant pest impact assessment to
fulfil the requirements of the Biosecurity Act for impact assessment of the pest and pest control
program.
The procedure recommended in the report follows four steps. Step one is initial assessment
intended to give a feel for the extent of the pest problem. This indicates the validity of
continuing on to further assessment by asking a series of questions about any serious or
unintended effects on the region both in tenns of non-economic and economic impacts listed
in the Biosecurity Act. These include the impact on endangered species, indigenous species,
species diversity, water quality, human health, Maori culture, production, public infrastructure,
public safety and recreation.
Step two is an assessment summary. Initial infonnation about the seriousness of the impact of
a pest on the listed in step one is summarised. In order to assess the seriousness of a pest's
impact there is a requirement to know the current population. Not only will the current
population influence the pest's impact the potential for the populat;on to expand is also an
important consideration in detemlining impact on the region. So these are both considered in
the impact summary.
Step one and two are provide a descriptive outline of the impact of the pest. From these steps
it can be deteffilined whether it would be useful to have a pest management strategy. If it looks
like a pest management strategy is a favourable option it will be necessary to carryon to step
three and carry out a cost benefit analysis for control of the pest.
At step three a cost benefit analysis of control strategies is carried out. This requires
identification of possible methods and control policies and the comparison of each scenario
through the use of cost benefit analysis techniques. Step three is the most input hungry step
requiring infonnation on the cost and effectiveness of control, identification and estimation of
the benefits that will be gained from control and the potential for the pest to be a problem if
control is not carried out.
Step four is a summary step that uses the information obtained from step three to recommend
a funding structure for the control of the pest. Recommendations for the funding structure are
based on who the beneficiaries of control and exacerbators of the problem are.
Recommendations also consider how easy it is to identify these people and the possibility of
getting them to pay for the benefits they gain or to compensate for the costs they impose of
people.
The analysis in these four steps may be applies to any plant pest. In this study the objective
was to provide an impact assessment of blackberry and blackberry control in the Manawatu
Wanganui region that fulfilled the Biosecurity Act impact analysis requirements for a plant pest
management strategy.
Blackberry
Before any analysis was carried out it was important to understand the characteristics and
habitat of blackberry. Blackberry (Rubus fruticosus) was first introduced to New Zealand as
a garden shrub by early settlers who used it as a fruiting plant for jams and piemaking as well
as eating fresh. Since its introduction blackberry has become a naturalised plant and now is
common throughout New Zealand. It thrives up to about JOOOm altitude and prefers humid and
subhumid temperate regions. These condition preferences make it common in the middle and
south of the North Island and on the west coast of Nelson. Blackberry occurs where ever there
has been settlement or disturbance of primary vegetation. It is most often found on roadsides,
stream banks, waste areas, degraded pasture, forest and plantation margins and in hedges and
native reserves. Because it takes some time to become established blackberry tends to grow
in protected or inaccessible areas or on farmland that is poorly managed or where it is difficult
to carry out the intensive management practices required to help control it.
Blackberry is a perennial species that grows into dense thickets. These thickets are made up
of stems growing from a crown. Branches grow off the stems and from these grow leaves,
flowers and fruit. Canes can grow up to 8m long and are spiny. New canes grow from the
crown each year. Stems from blackberry bushes have the ability to develop roots at the tip of
the stem. From this new crown new stems can grow once the connecting stem has died off.
This is one of the most important forms of reproduction and spread of blackberry.
Blackberry spreads by seed fall, tiprooting and root suckering. Seed germination is in spring
but although the rate of seeding is high the percentage germination is low. Only a few
seedlings survive and early growth is slow. This means blackberry does not become easily
established in areas that are regularly dislllrbed by activities such as grazing. However once
established and after several years of growth seedlings will have developed into thickets. Once
To be considered for a management strategy blackberry must be considered a pest. Blackberry
has a number of characteristics that lead to it being considered a pest;
a thicket is established tip rooting and root suckering mean the size and density of the thicket
can quickly increase.
Independent of this study Noxious Plants Officers in the Manawatu Wanganui region were
asked to asses the infestation levels of a number of noxious plants in the region, including
blackberry. Infestation levels were classified into one of three categories, heavy, medium or
light infestations. The region was divided into four areas and the results collated from each
area. These results are shown in Table I.
Using the information about the characteristics of blackberry and the infestation levels of it in
the Manawatu Wanganui region it was possible to begin steps one and two of the impact
analysis. Steps one and two of the impact analysis of blackberry in the Manawatu Wanganui
region are descriptive and therefore were carried out after looking at levels of blackberry in the
region. The opinion of Noxious Plants Officers gave a good indication of the effects of
blackberry in the region.
The first step of the process was to determine the control strategy and policy to be considered
in the analysis. There are four possible control policies only two of which are potentially
realistic for this analysis. Quarantine is a policy used before a pest has entered an area to avoid
an infestation. Eradication involves the complete destruction of the pest, this policy is
extremely costly and the marginal cost of eradicating the last unit of a pest is much greater than
the marginal benefit. This leaves Containment and Reduction as the most likely policy to be
pursued by the regional council in a pest management strategy. Containment is generally used
an initial policy objective with the hope that this will extend to reduction as the management
strategy develops.
To implement these policies there a number of alternative control methods. Physical, chemical,
biological and ecological control are all options for blackberry. Chemical control using Escort
is the option for blackberry control recommended by Noxious Plants Officers. Escort has an
estimated 90% kill rate on blackberry making this one of the most potentially cost effective
methods for control.
To carry out a full step three analysis it was necessary to determine the various control options
and comparative costs, the current level of blackberry cover, the likely spread of uncontrolled
blackberry, the loss of grazing potential from blackberry and gross margins for production on
land where blackberry results in a loss of grazing potential.
Since the most significant impact of blackberry was on production it was necessary to determine
how much of it actually affected production. In their inventory of blackberry in the region
Noxious Plants Officers included their estimations blackberry on roadsides and wasteland.
While this blackberry is a seed source to nearby farm land it is in itself not limiting production.
This meant when calculating the economic value of controlling blackberry in terms of increased
farm production, it was necessary to make an adjustment to the blackberry cover estimates to
include only farmland infested. An estimation was made of the percentage of blackberry in
each area that was on farms and that if controlled would allow increased production. In the
cost benefit spreadsheet a percentage variable was given for each area of the region estimating
the amount of blackberry in the area that was on productive land. The original percentage
variables used were Central 10%, East and West 25% and North 50%.
pest management strategy for blackberry was considered to be at worst moderate. This means
there was a requirement for some quantitative analysis but this does not need to be exhaustive
and a descriptive evaluation of some impacts would be sufficient. For this study only those
effects that could be evaluated using market values were included.
The analysis involved the comparison of two scenarios. One where blackberry control was
carried out and one where there was no blackberry control. The assumption was made that
without a plant pest management strategy current levels of blackberry control would not be
continued. The scenario without a pest management strategy would be different from the
current situation as currently blackberry is a class B noxious plant under the Noxious Plants Act
1978. When the Biosecurity Act is enforced in July 1996, if there is no regional pest
management strategy for blackberry control decisions will be left to the individual land owners.
This means blackberry may not be controlled at all.
Area (in hectares) infested with Blackberry in the Manawatu Wanganui
Region
Methodology
I II Heavy I Medium I Light I
North 429 9889 4405
West 40 100 40700
Central 135 221 918
East 3400 3300 3300
ITotal II 4004 1 13510 I 493231
It forms thickets and invades pastoral land causing access problems to both animals and
humans (may restrict access to recreation spots)
It displaces pasture and is unpalatable to most domestic animals therefore restricting
farm production
It can be the cause of stock deaths (particularly sheep in full wool)
It is a good habitat for other pests including rabbits and possums
It is invasive and covers large areas with a dense canopy excluding light form the soil
surface therefore suppressing the growth of other plants
Table I:
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Step three involved more in depth analysis. Using the results from step two and given the
potential for judicial review it was necessary to decide the depth of analysis required. It was
decided that blackberry was a significant pest in particular parts of the region so some analysis
of a pest management strategy ~hould be carried out. The potential for judicial review of the
If no blackberry control was carried out the situation would not remain constant. Assuming no
further control is carried out when the Biosecurity Act is enforced blackberry will spread and
create a greater opportunity cost of production foregone than is currently the case. This means
that for a without control analysis it was important to estimate the rate of potential spread if
control stopped. There has been no study done on the rate of spread of blackberry in order to
develop a formula of the plant's population dynamics. However most local spread is by
vegetative means. A basic model estimating increase in light infestations, medium infestations
and heavy infestations was developed based on the likelihood of local spread and seed spread.
In order to see how blackberry impacted on production systems farmland in the Manawatu
Wanganui region was classified into three broad land use groups North Island Hard Hill
Country, North Island Hill Country and North Island Intensive Finishing Land. Blackberry is
almost never found on dairy or cropping land since intensive mana:;ement practices mean there
is little opportunity for it to become established. Based on the predominant land form and
enterprise types the northern area of the region was classified North Island hard hill country.
Eastern and Western areas were North Island Hill Country and Central region was classified
Intensive Livestock Finishing.
The Meat and Wool Board Economic Service survey gave estimates of the stocking rate on each
land type. These were the stocking rates used in calculating the reduction in carrying capacity
caused by blackberry. Because all but heavy infestations do not completely eliminate the use
of the entire hectare that it infests an estimation was made of the reduction in stocking rate
caused by blackberry. The stocking rate figures used are shown in Table 2.
Three discount rates were used. Five percent was used to indicate a low discount rate, 7.5%
was a medium rate and 10% was used to indicate what would happen with a high rate.
Benefits in the with control situation were calculated as the opportunity cost in terms of
production foregone that blackberry infestation had caused. The first step in determining this
production benefit was to calculate the area in hectares of blackberry actually on farms and
affecting production. This was done using the percentage blackberry on farms variable and
multiplying this by the infestation. The next step was to calculate the opportunity cost per
hectare of blackberry infestation. This was done by multiplying the gross margin for each
enterprise by the reduction in carrying capacity per hectare as a result of blackberry. The value
from that multiplied by the are infested then showed the benefit of blackberry being controlled
initially then contained.
The costs of the situation with control were calculated by multiplying the cost of control per
hectare with the number of hectares to control. Cost estimates were made by Noxious Plants
Officers, Heavy infestations would cost $430/ha, medium infestations would cost $245/ha and
light infestations would cost $31.50. It was assumed that there would be a 90% strike rate on
blackberry controlled in year I. Follow up costs would therefore be 10% of the initial cost in
year 2, 20% of initial cost in year 3, 10% of initial cost year 4 and in all following years 5%
of the initial cost of control.
Table 2: Reduction in Carrying Capacity (SU/ha) from Blackberry Infestations
The net cashflow of the situation with blackberry control was the gain in production less the
control costs.
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Using these figures to estim,'le the reduction in potential carrying capacity it was possible to
arrive at a loss per hectare in dollar terms by multiplying the reduction in carrying capacity by
the gross margin per stock unit. A simplifying assumption was made that the major enterprise
affected by blackberry were sheep and therefore gross margins from the Financial Budget
Manual for a breeding ewe flock ($30.67/su) and a '2 year' flock ($39.69/su) were used. The
enterprise carried out in the North of the region was assumed to be breeding ewes and for the
East, West and Central was a '2 year' flock.
To carry out the cost benefit analysis a spread sheet was formulated which included all the
variables mentioned to calculate and compare the net present value to the region of a situation
with or without blackberry control. The net present value is the discounted value of the sum
of all the benefits and costs of a project over the time that it is carried out.
The time frame suggested by the Manawatu Wanganui Regional Council for the cost benefit
analysis was six years. In terms of activities such as pest control, six years is a relatively short
time frame since results of such activities can take some time to become apparent and it may
take longer than six years to get a positive net benefit.
In the without blackberry control situation the cost was considered to be the opportunity cost
of production each year. A variable was added to the spreadsheet to represent spread of
blackberry. This meant the opportunity cost of production was calculated by multiplying the
area infested with blackberry each year as it spreads by the reduction in stock unit carry
capacity per hectare at each level of infestation. The total of this multiplied by the gross
margin per stock unit for specific enterprise types gave the opportunity cost of blackberry
infestation. There were considered to be no production benefits in the without control situation.
The last step in the impact analysis was step 4. This considered how the control program
should be funded. It is generally accepted that those who benefit from such a program should
pay and the exacerbators of the problem should also contribute to the cost of the program. The
information from all the previous steps was used to put together a table indicating beneficiaries
and exacerbators and recommendations were given based on these results.
Results
The results of step one initial assessment showed blackberry had no significant impact on
endangered species, indigenous species, species diversity, soil or water quality, human health
or Maori culture. The impacts were all economic impacts on production and recreation.
Step Two assessment summary went a bit further to look at the seriousness of impacts. This
is shown on Table 3.
Steps one and two indicated the main impact, both currently and potentially is on production.
Blackberry affects production mainly on hill country farms where it is not possible to carry out
the intensive pasture management techniques that make it difficult for blackberry to become
established. On these farms it displaces pasture as well making areas of pasture inaccessible
to stock. This results in production on theses farms being below full potential. A second
significant economic cost of blackberry is that it is responsible for a number of sheep deaths.
When sheep become entangled in blackberry thickets they are likely to die if not rescued.
Another characteristic of blackberry that may have an economic impact is that it is a habitat for
other pests such as rabbits and possums.
I I
Current Potential
YIN Lev YIN Lev
Endangered Species N N
Indigenous Species N N
Species Diversity N N
Human Health N N
Maori Culture N N
Production y High Y High
Public Infrastructure N N
Public Safety N N
Recreation Y Med Y Med
International Trade N N
Extraordinary Potential N N
Recommendations
A sensitivity analysis was done of the percentage variable used for blackberry on farms. The
higher the percentage of blackberry on farms the greater the benefits of controlling all
blackberry becomes.
Net Present Value With Blackberry Control
Using all the previous information it was possible to carry out step four and determine the
beneficiaries of a blackberry control program and the exacerbators of the problem. The major
beneficiaries are rural land owners with public land users and recreationists, and urban
landowners gaining a lesser benefit. The biggest ex.acerbators of the problem were rural
landowners and public land administrators with urban landowners also contributing to the
problem in a small way. Since many of the beneficiaries and exacerbators are the same people
was recommended that blackberry control should be paid for by the owner of the land it is
infesting.
Some sensitivity analysis was carried out to look at the sensitivity of the results to the gross
margin used. The higher the gross margins used the greater the net present value of control of
blackberry. The analysis was sensitive to change in the gross margins for each enterprise. This
indicates with higher prices more blackberry control should be considered.
Table 4:
I II
Discount Rate
I5% I 7.5% 1 10%
I Net Present Value II 2,118,284 1 1,504,3331 975,544 1
The cost benefit analysis with blackberry control included only the increase in production from
blackberry infested land. Other impacts were relatively insignificant and often difficult to
measure. The results of the with control analysis are shown on table 4.
Summary of Impacts of BlackberryTable 3:
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The production effect of displaced pasture can be measured using gross margins and stock until
carrying capacity per hectare. however their has been no survey done on the number of sheep
deaths caused by blackberry or the number of possums or rabbits harboured within blackberry
thickets. The only other significant impact may be on recreation reducing peoples enjoyment
on the environment and restricting some activities by hindering access. Measuring recreation
impacts would involve a non-market valuation which would be costly and time consuming to
carry. Since the potential for judicial review was not considered to be high it was decided that
a full cost benefit analysis was not required.
The step three cost benefit analysis of the situation without blackberry control was carried out
and gave discounted net opportunity cost of production foregone $16,646,907. This indicates
the cost to the region of letting blackberry spread uncontrolled.
The information from this impact analysis was used to provide recommendations to the
Manawatu Wanganui Regional Council of a possible outline for a plant pest management
strategy.
The results of the impact analysis were based on the assumption that all blackberry was
controlled and that there was a 90% strike rate on area controlled in the first year. If enough
resources could be put into a control program for blackberry this is not an unrealistic
assumption. However, containment of blackberry within currently infested areas is an
immediately attainable policy objective. Building on that is the aim to reduce infestation levels
significantly in the next few years.
The recommended mechanism for a plant pest management strategy is a ten metre boundary
control enforcement to limit spread of blackberry to neighbouring properties by vegetative
means. The risk of spread beyond ten metres is limited, especially in the short term. There
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may still be some seed spread by birds, but the rate of seed viability is quite low and young
plants do not establish well on well managed properties without some fonn of protection so this
will not be a significant problem.
The method for control will be left at the landowners discretion but recommended is the use
of the chemical Escort applied by the means most appropriate to the level of infestation. This
is the most cost effective method of control.
In areas where the cost of removing the blackberry will be substantially more than the benefits
from its removal, for example where erosion is a high risk and productive land is not in the
near vicinity, one alternative would be to release the blackberry rust fungus. This would inhibit
the seeding ability of the plant, substantially lowering the risk of spread and allowing the
blackberry root system to remain and support the soil structure.
Noxious Plants Officers will be responsible for monitoring and enforcement of the boundary
control policy. They will also be advisors to landowners on the method of control of plant
pests, including blackberry.
The recommendation for funding of control is for landowners to pay for control of any
blackberry on their own property. They are both the major beneficiaries of control and
exacerbators of the problem of spread. Control of blackberry on public land will be paid for
by the public body responsible for that land.
Blackberry has a greater impact on some parts of the region than others so landowner control
with some regional enforcement appears to be the most equitable and efficient method of
carrying out a control program.
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COMMERCIALISAnON OF WILD RABBITS IN NEW ZEALAND - 2
SUMMARY
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Megan Cotton' and Graham Hickling2
In 1947, Rabbit Boards began to adopt a
'killer policy' and by 1956 the Rabbit
Amendment Act had completely prohibited
impact on agricultural and conservation
values (Ramsay and O'Brien, 1991). In
contra~t, the aim of commercial harvesters
is to obtain a continued harvest that
maximises economic gain - reducing the
population is only a secondary benefit.
Large sustained harvests require the main-
tenance of a robust base population (rather
than a minimal population or even eradica-
tion). Thus it seems inevitable that sus-
tained harvest will cease at a level above
that required to minimise agricultural and
conservation impacts (Ramsay et aI.,
199\).
In addition, the impact of commercial
harvesting and pest control on rabbit popu-
lations differs by time and place. For
example, the intensity of commercial
harvesting increases with market demand
and thus is likely to focus on high density
populations that provide the greatest econ-
omic return. In contrast, the intensity of
pest control increases with the rabbits'
economic or environmental impact and the
availability of resources to deal with the
problem (Ramsay, 1991). This disparity is
a primary source of conflict between those
promoting harvesting versus traditional
control.
In the 1940s, it wa~ widely acknowledged
that commercial harvesting was not an
effective means of control (Clark, 1949).
Rabbits had become an economic resource
to the extent that commercial utilisation
operated in conjunction with conventional
pastoral fanning. Although the demand for
rabbit skins and carcasses created
significant employment (Nightingale, 1992;
PCE, 1987) it was acknowledged at a
political level and increasingly in the rural
sector that the incentive to "farm" rabbits
had to be removed (Harker 1947; Clark,
1949).
CONFLICTING VIEWS ON
COMMERCIAL USE OF RABBITS
No person slulll sell or offer for
sale ... any rabbit skin or rabbit
carcass produced in New Zealand.
No equivalent restriction was contained in
the Biosecurity Act 1993. The Meat Act
1981 wa~ also amended to include wild
rabbits in the definition of "game". As a
result of these two changes, rabbit meat
could once again be used for human con-
sumption and commercial use of wild
rabbits was once again legal (Phillips,
1994).
Rabbits are to be managed under Regional
Pest Management Strategies (RPMS).
After 30 June 1996, a RPMS can permit
'fanning' of wild rabbits (i.e. maintaining
and actively propagating them in confined
areas for profit). However, this paper
focuses on the 'free range harvesting' of
rabbits (i.e. the harvesting of unconfined,
naturally propagating wild rabbit popula-
tions), which is already permitted under the
Biosecurity Act 1993.
From a biological perspective, "control" of
wild rabbits as a pest appears to conflict
with their commercial "harvest". The aim
of rabbit control is to reduce their abun-
dance to a level that minimises their
We examine why commercialisation of
wild rabbits occurred in 1993, when it has
long been argued that it is in conflict with
effective rabbit control. We then consider
briefly the implications of commer-
cialisation for future rabbit control. In
preparing the paper, we relied heavily on
interviews of numerous individuals
selected to represent the main interest
groups involved in this issue. Inevitably,
those interviewed may not have been
entirely representative of all those involved
in wild rabbit use and management.
contributing to the rabbit problem (Gibb
and Williams, 1994). Since then there has
been a high commitment to controlling
rabbits at a political, institutional and
general public level.
On I October 1993 the Biosecurity Act
came into effect, repealing the Agricultural
Pests Destruction Act 1967, section 121 of
which had stated:
Despite a ban on commercial activity
associated with rabbits, a black market for
rabbit meat, both for human consumption
and pet food, soon arose. Rabbit meat has
also been imported for these purposes
(Phillips, 1994). In recent years, there has
been a sustained, low key campaign to
recommercialise wild rabbits (Rusbridge,
1994).
Nevertheless, some continued to view
rabbits as a utilisable resource and, until
the 1950s, rabbit harvesting provided a not
insignificant contribution to the New Zea-
land rural economy (Bamford, 1987; Clark,
1949). This commercial use of rabbits was
banned in 1956, in the belief that it was
Management of rabbits in New Zealand has been dominated by a view of the species as a
pest. In recent years, however, there has been a sustained campaign to allow Iulrvesting of
wild rabbits for commercial gain. This culminated in /993, when legislation was passed
enabling commercial use of wild rabbits and human consumption of their meat. This paper
highlights the importance of economic, institutional and social change in this decision.
Currently, Regional Councils appear to be takinR a relatively conservative approach to the
prospects for integration of commercial rabbit operations with ongoing colltrol programmes.
Nevertheless, we conclude that the recellt co, /lnercialisation of wild rabbits presents a useful
opportunity to lay to rest much of the debate surrounding the ecological and economic
prospects for wild rabbit harvesting.
. Rabbits (Oryctolagus cuniculus) were
introduced into New Zealand in the 1830s
in the belief that they would provide an
important economic resource (Wodzicki,
1950). However, by the late 1860s rabbits
were becoming a major pest, threatening
the rural economy by contributing to land
degradation and reduced agricultural pro-
duction (Clark, 1949; Wodzicki, 1950).
Since the Rabbit Nuisance Act 1876,
management of rabbits has been dominated
by a view of the species as a pest.
~ INTRODUCTION
\0
The Biosecurity Act 1993 moved away
from a narrow, prescriptive, agricultural
production protection focus towards a
broader integrated land management focus
(Phillips, 1994). The sustainable
management concept in the RMA 1991
also favoured commercialisation of rabbits
through the emergence of a government
view in which rabbit control became part
of achieving broad land management
A consequence of these reforms has been
the social dislocation of many rural com-
munities and a high level of unemployment
(Memon, 1993; Wills, 1991). Coinciding
with these economic reforms was the move
towards making those directly affected by
pests such a~ rabbits more directly respon-
sible for their control (Gibb et aI., 1994).
The commercial utilisation of rabbits
appeared to provide a means by which the
costs of rabbit control could in part be met.
Institutional reform has been a further
factor in creating a climate for commer-
cialisation to be considered as a rabbit
control option. One of the most pervasive
features of institutional reform which has
occurred has been the "devolvement of
natural and physical resource
responsibility to local authorities ...... who
devolve it to local users" (Williams, 1993).
The underlying rationale for this move
towards regional responsibility was that
members of District or Regional Councils,
as representatives of the people in their
region, would be better able to determine
appropriate ways to manage their natural
resources (Memon, 1993; Buhrs and
Bartlett, 1993). The responsibilities of local
government in managing natural and
physical resources were established by the
Resource Management Act 1991 and
extended under the Biosecurity Act 1993.
any trade in rabbit products. This was
considered a major step towards effective
rabbit control. Davey (1947) had com-
mented that "the killer policy is a good
policy, but untilfollowed up by devaluation
lof rabbit skins and carcassesJ it will not
be successful".
Proponents of commercialisation
Despite this historical background, there
has in recent years been a sustained, low-
key campaign to recommercialise wild
rabbits (Rusbridge, 1994).
Much of the debate regarding commercia-
lisation is based on a belief by its propon-
ents that the use of rabbits is a potentially
profitable domestic and export industry,
utilising a resource which would otherwise
be of no value (Ramsay et aI., 1991).
These arguments have been ba~ed on the
N financial success of overseas markets and
~ . the historical popularity of rabbits in New
Zealand (Milne, pers comm.; Wodzicki,
1950), and on the marketing edge created
by New Zealand's lack of myxomatosis
and other viral methods of rabbit control
(Williams, 1993). There is also an argu-
ment, supported by some influential animal
welfare groups, that commercialisation is a
humane control option (Loague, 1993).
Others argued that commercial utilisation
of wild rabbits can have a significant role
as a rabbit control tool, either for primary
control or, more usually, as a useful sec-
ondary control measure (Phillips, 1994;
Milne, pers comm.). With recent
government initiatives promoting a 'user
pays' philosophy, commercial interests
argued that the economic returns from
rabbits will assist managers to pay for
other forms of control while providing
employment opportunities in the rural
community (Phillips, 1994). This view
gained wide political and rural sector
appeal.
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Environmental groups have become increa-
singly concerned about degradation of
valuable tussock gra~slands associated with
the impacts of rabbits and other introduced
species. However, they also advocate the
use of "environmentally sound" control
methods and at times have been inclined to
favour traditional harvesting methods over
1080 poison and myxomatosis (Williams,
1993).
Opponents of commercialisation
The farming community directly affected
by the impacts of rabbits have consistently
opposed commercialisation, their argu-
ments largely based on historical experi-
ence. The key argument surrounding
efforts to prevent recommercialisation has
been that it will threaten the efficacy of
current rabbit control practices. There has
also been some speculation that repeated
harvesting may make rabbits wary of other
control methods, particularly poisons
(Phillips, 1994). It has been argued that
commercial use of rabbits does not provide
a competitive, high quality, value added
product from a genuinely sustainable
production system (SIHCRC, 1994).
Some within the farming sector are con-
cerned that deliberate introductions of
rabbits will be made by those who stand to
gain from harvesting. Commercialisation
has also been opposed on the basis that it
could create a public health risk if rabbits
affected by poison were offered for sale.
This might potentially incite calls to
restrict the use of controversial toxins such
as 1080 (Phillips, 1994).
At a more subtle level, it has been sug-
gested that commercialisation could shift
the dominant social attitude towards rabbits
from that of "pest" to that of "resource",
thus lessening societal pressure on
managers to maintain a high level of rabbit
control. Any such change in attitudes
towards rabbits could hinder effective pest
control by delaying the introduction of new
control techniques, particularly biological
controls (Ross, pers comm.).
THE PATHWAY TO
COMMERCIALISATION
The rabbit problem is well embedded in
the New Zealand psyche. In 1991,77% of
New Zealanders felt that "New Zealand
has a severe rabbit problem" (Sheppard
and Urquhart, 1991). Rabbit control has
consequently had widespread public and
political support (Sandrey and Reynolds,
1990).
Commercialisation has been traditionally
opposed in the political and public arenas
because of its perceived threat to rabbit
control. However, Sheppard and Urquhart
(1991) reported that 29% of New
Zealanders felt that commercial harvesting
was a "very suitable" option for rabbit
control. This suggested that a significant
change in attitudes and perceptions towards
such harvesting has occurred since the
1950s.
The decision to allow the commercial use
of feral rabbits in 1993 can be explained,
in part, by societal change over these
decades. This change created a climate in
which commercialisation could be moved
onto the government's agenda in a
politically acceptable form.
Economic and Institutional Reform
The economic policies that have been a
feature of New Zealand society since 1984
have been characterised by a shift towards
a free market approach whereby it is "in
the public interest to allow the commercial
use ofresources " (Rusbridge, pers comm.).
Consequently, it became politically
acceptable for industries such as selling
feral rabbit meat to develop if market
forces allowed. In addition, the removal of
many regulatory barriers
entrepreneuralism and
diversification, particularly
sector.
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encouraged
economic
in the rural
objectives. Increasingly, the rabbit problem
became officially recognised a~ having
social and economic a~ well as ecological
dimensions (PCE, 1991; Williams, 1993).
Commercialisation could thus be presented
a~ a useful secondary rabbit control option
that provided social and economic benefits
for those most directly affected by the
impacts of rabbits.
The devolvement of responsibility and
decision making, coinciding with
increasing urbanisation, contributed to a
climate in which commercialisation could
be viewed a~ a potential rabbit control
option. Urban interests now have
sllbstantial representation at central
government level, while the influence of
rural groups has declined (Mulgan, 1989).
Similarly, elected representatives on local
bodies in the past emphasised rural issues
N such as pest control - today it is
::: increasingly necessary "to consider the
. concerns of urban dominated society"
(Williams, 1993). Such concerns, favouring
humane, environmentally sound control
options - have been evident in arguments
concerning the use of 1080 and
myxomatosis, and have lent weight to
those advocating traditional harvesting
practices (Williams, 1993).
Economic, institutional and social change,
in conjunction with the traditionally high
priority of rabbit control on the public and
political agendas, created a 'window of
opportunity' for commercialisation to be
considered as a rabbit control option and
moved onto the government agenda in a
publicly and politically acceptable form.
Subsequently, central government decided
that no good reason existed to refuse
commercialisation as a potential option.
According to Rusbridge (pers comm.):
"Parliament's decision was not so
much to allow commercialisation as
not to prevent it and to leave deci-
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siom abOUI rabbit management to be
decided at a regional level."
The key arguments used by government
were that commercialisation fitted in with
both rabbit control and sustainable
management policy. These arguments
appealed to the public, and the political
costs and benefits of commercialisation
were in line with current policy.
IMPLICATIONS FOR FUTURE
RABBIT CONTROL
The debate surrounding the likely implica-
tions of commercialisation for rabbit con-
trol is based on a mixture of past experi-
ence and unfettered speculation. Both the
facts and the myths of rabbit harvest and
control are having an important role in
policy formulation, acceptance and imple-
mentation. However, it will be impossible
to accurately assess the implications of
commercialisation for rabbit control unless
these facts and myths can be separated.
This can only be achieved if commercial
rabbit operations are adequately monitored
in coming years.
The decision to recommercialise wild
rabbits is likely to have both short and
long term implications for rabbit control.
Short term implications (those evident
within the next 5-7 years, which is the
review period for the first set of Regional
Pest Management Strategies) seem unlikely
to include significant negative effects on
rabbit control. Commercial operations may
well be relatively slow to establish due to
the policy uncertainties and investments
risks that currently surround
commercialisation. Currently, 5 licences
are held for processing feral rabbits and
one allows processing for human
consumption.
A barrier to the development of commer-
cial operations in the short term is the
presence of indirect restrictions on com-
mercial operations. For example, under
the transitional provisions of the Bio-
security Act 1993, a "no compensation"
clause exists that prohibits compensation
being paid to operators who set up in an
area where a Regional Pest Management
Strategy subsequently restricts commercial
activity. Similarly, provisions exist which
require that commercial operations cannot
conflict with those of rabbit control and
the legislation states that commercial rabbit
operations may not conflict with any natu-
ral resource programmes occurring under
the Resource Management Act 1991.
Without rural support for commer-
cialisation, such activities are unlikely to
flourish. For example, farmers could quite
conceivably deny harvesters access to their
land. Regional Councils need to seek rural
input into how rabbits are to be managed
and assess the views of the rural and wider
community on the degree of support for
commercial operations as a secondary
control tool. Without a good understanding
of such views, and a co-ordinated approach
to rabbit management that incorporates
commercial use of rabbits will not be
possible.
In the longer term, commercialisation
could have negative implications for rabbit
control. One possible negative conse-
quence of commercialisation is that the
dominant view of rabbits as pests could
change to rabbits as a resource. As noted
previously, this could have implications for
the introduction of novel rabbit biocontrol
techniques. There is also the risk that as
commercial operators became more
established, it would become more and
more difficult to place controls upon them.
However, a positive effect could be that
Regional Councils will be encouraged to
involve the rural community more fully in
seeking solutions to rabbit and land man-
agement problems. Subsequently, they will
incorporate into the development and
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implementation of rabbit control policy the
full breadth of economic, social, e'cological
and technical issues surrounding commer-
cial use of the species.
CONCLUSION
The intention of central government has
clearly been to allow commercialisation to
proceed with minimal restriction and thus
let market forces determine its success. In
doing so, it may well serve to increase
community awareness on pest management
issues.
However, if commercial operators are
cannot fully develop their activities it may
not be possible to settle, once and for all,
the argument that commercialisation can
create employment and income while
keeping rabbit impacts at a tolerable level.
If these arguments are not settled, they will
continue to be raised and may hinder the
introduction of new rabbit control methods
in the future.
Regional Councils should allow
commercialisation to develop with minimal
restrictions, provided their policies do not
conflict with the Biosecurity Act 1993 and
the Resource Management Act 1991.
MAF needs to emphasise that the intention
of the Biosecurity Act, as an enabling
piece of legislation, was not to ban
commercialisation but to allow market
forces to determine its success (Rusbridge,
1994).
With rural community viability being
promoted as the crux of agricultural sus-
tainability, the social and economic bene-
fits and costs of commercialisation need to
be investigated. It seemS essential that
some form of monitoring be established to
monitor the success of commercialisation
from both an ecological and economic
perspective. Such information could then
be complied to assist the 5-year review of
IV
~
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Pest Management Strategies scheduled for
2001.
We conclude that the recent
commercialisation of wild rabbits presents
a useful opportunity to lay to rest much of
the speculation surrounding rabbit harvest-
ing. To achieve this, however, all parties
need to acknowledge the opportunity and
move to address the issue proactively.
REFERENCES
Bamford 1.M., (1987); Em'ironmental Impact
Report on a Proposal to Introduce Myxo-
matosis as Another Means of Rabbit Con-
trol ill New Zealalld for Agricultural Pests
Destruction Council (Commissioned);
Nelson, John Bamford Associates.
Clark, A.H., (1949); The Invasioll of New Zealalld
by People, Plallts alld Allimals - The South
Islalld; New Brunswick, Rutgers Univer-
sity Press.
Davey, (1947); New Zealand Parliamentary Debate
(Vol. 279).
Gibb, J.A. and J.M. Williams, (1994); The Rabbit
in New Zealand in The European Rabbit -
History alld Biology of a Successful
Cololliser; ed. H.V. Thompson and C.
Harker, (1947); New Zealand Parliamentary Debate
(Vol. 279).
Loague, (1993); Pest Control and Animal Welfare:
New Zealalld loufllal of Zoology, Vol. 20
(253-255); Royal Society of New Zealand..
Memon, P., (1993); Keep New Zealalld Green:
Recent Environmental Reforms; Dunedin.
University of Otago Press.
Mulgan, R., (1989); Democracy and Power in New
Zealand: A Study of New Zealand Politics;
Auckland, Oxford University Press.
New Zealand Statutes, 1967. Agricultural Pest
Destruction Act. Government Printer, Wel-
lington.
New Zealand Statutes, 1993. Biosecurity Act.
Government Printer, Wellington.
7
Nightingale. T., (1992); White ColIars and Gum-
boots . A History of the Ministry of
Agriculture and Fisheries 1892·1992;
Palmerston North. Dunmore Press Ltd.
Parliamentary Commissioner for the Environment,
(1987); Investigation of the Proposal to
Introduce Myxomatosis for Rabbit Control
(Vol. I); Office of the Parliamentary Com-
missioner for the Environment, Wellington,
New ?.erland.
Parliamentary Commissioner for the Environment,
(1987); Illvestigation of the Proposal to
Introduce Myxomatosis for Rabbit Control
(Va!. 2); Office of the Parliamentary Com-
missioner for the Environment, Wellington,
New Zealand.
Parliamentary Commissioner for the Environment,
(1987); Investigation of the Proposal to
Introduce Myxomatosis for Rabbit Control
(Vol. 3); Office of the Parliamentary Com-
missioner for the Environment, Wellington,
New Zealand.
Parliamentary Commissioner for the Environment,
(1991); Sustainable Land Use for the Dry
Tussock Grasslands in the South Island;
Office of the Parliamentary Commissioner
for the Environment, Wellington, New
Zealand.
Phillips, R., (1994); Discussion Paper on
Commercialisation of Rabbits and its
Impacts on Rabbit Control in Canterbury;
Canterbury Regional Council.
Ramsay, 8.1.. (1991); Commercial Use of Rabbits
in Australia: Markets and Marketing - A
Review for the New Zealand Ministry of
Agriculture and linrary
Ramsay, BJ. and P.H. O'Brien, (1991); Pest
control and commercial use of introduced
animals: what are the issues; Australian
Vertebrate Pest Control Conference, Ade-
laide.
Sandrey. R. and R. Reynolds (ed.), (1990); Farming
Without Subsidies: New Zealand's Recent
Experience; Ministry of Agriculture and
Fisheries, New Zealand.
Sheppard, R.L. and L.M. Urquhart, (1991);
Attitudes to Pests and Pest Control
Methods; Agribusiness and Economics
Research Unit (Report No. 210); Lincoln
University, Canterbury, New Zealand.
Williams. J.M .. (1993); Factors and Forces Shaping
Rabbit Control Policies and Practices in
New Zealand: What Lessons for the
Future?; '0 Australian Rabbit Control
Conference, 2-3 April, 1993; Editor: Brian
D. Cooke (Anti-rabbit Research Foundation
of Australia); Adelaide, Australia.
Wills, R.P., (1991); Agricultural Change ill New
Zealand Sillce 1984; Occasional Paper no. 2;
Wellington, Victoria University.
8
Wodzicki, K. (1950); Itltroduced Mammals of New
Zealand - All Ecological and Economic
Survey: Department of Scientific and
Industrial Research Bulletin No. 98;
Wellington, Department of Scietltific alld
Industrial Research.
Working Party on Sustainable Land Management,
(1994); South Islalld High Country Review.
N
~
VJ
CHINESE WOOL MARKET DEVELOPMENTS:
IMPLICATIONS FOR NEW ZEALAND EXPORTERS
Tony Banks! , Professor Zhang Cungen2 and Dr Shamin Shakur3
Paper presented at the NZ Agricultural Economics Society's Annual
Conference, Blenheim Country Lodge, Blenheim, New Zealand, 30
June-l July 1995.
ABSTRACT
During the year ending 31 March 1995. New Zealand wool exports nearly topped the
NZ$I billion mark. China and Hong Kong together accounted for some 36% of New
Zealand wooi export tonnage. up from 25% only three years earlier, and four times the
mar~cshare of the United Kingdom, the second largest market. This paper outlines the
historical development of the Chinese wool market since the economic reform process
was initiated in the late 1970's. including trends in Chinese domestic production.
consumption and trade. The implications for New Zealand wool exports are then
analyzed. with some comparisions with the Australian experience being made. It is
concluded that strong Chinese economic growth coupled with an extension of the
economic reform process will further enhance the importance of the Chinese market
for New Zealand exporters.
Lecturer, Deparunent of Agricultural Economics and Business, School of Applied and
International Economics, Massey University, Palmerston North, New Zealand.
Director, Animal Husbandry Economics Division, Institute of Agricultural Economics,
Chinese Academy of Agricultural Sciences. Beijing, China.
Senior Lecturer, Deparunent of Agricultural Economics and Business, Schoot of Applied and
International Economics, Massey University, Palmerston North, New Zealand.
Introduction
Since 1978. under the leadership of Deng Xiaoping, China has undertaken successive
economic reforms that have taken it a significant way from a centrally-planned
economy towards a market economy. These reforms have encompassed both internal
market liberalization and the adoption of a more 'open door' policy towards economic
interaction with other countries.
This paper firstly examines the nature and impact of economic reform on Chinese wool
production and marketing using China-sourced data. Next the impact of economic
reform on the demand for wool. derived from both the domestic and international
market for Chinese-produced woollen textiles and clothing, is analysed. It is found
that there has been a growing gap between Chinese domestic production and
consumption of wool. and the fmal section of the paper assesses the implications for
New Zealand wool exporters of this trend.
Wool Production in China
Pastoral lands and animals
The northern and western regions of China contain the bulk of its pastoral lands and all
twelve of its officially designated 'pastoral provinces' (see Figure 1). Some two thirds
of China's total pastoral lands are located within high plateau, mountainous or semi-
N
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Figure 1
major pastoral regions
-- boundary of pastoral provinces
o 1~km
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Figure 1: Map of Pastor:,lll'rovinces and Regions
Adapted from R. Niu, 1990. 'Project Objectives and Rationale'. In Economic Aspects of Raw Wool Production and
Marketing in China edited by J.W. Longwonh. ACIAR Technical Reports No.25. p.6 (fig. 1),
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desert regions. Poor soil fertility, ,scarce precipitation and extreme temperatures
contribute to the low productivity of such natural pastures, makes the introduction of
fme-wool sheep difficult (Longworth, 1993a:329) and can render investment in
livestock and grassland improvement an economically questionable exercise.
China currently has a total flock of 117 million sheep. The twelve pastoral provinces
account for 87% of these, with four of them having over ten million sheep: Xinjiang,
Inner Mongolia, Qinghai, and Tibet (see Table 1). Before the 1950's, coarse wool
sheep of three broad breed types, Mongolian, Tibetan and Kazak, predominated.
Merino breeds from the Soviet Union were subsequently introduced during the 1950's;
Tsigai, Romney, Coriedale, Lincoln and Border Leicester long-wool sheep breeds from
the United Kingdom, Australia and New Zealand in the 1960's, and the Australian
Merino and Polwarth during the 1970's. Cross-breeding aimed at improving the native
breeds has been carried out using the above introduced breeds, and now there are a
range of new Merino breeds whose quality approaches world standards in terms of
--
wool yield and quality. (Zhang, 1990a:1O). China also has significant numbers of
goats, horses, donkeys, and cattlelbuffalo, with all except the latter also being
concentrated in the pastoral provinces (see Table 1).
Recent changes in sheep numbers are given in Figure 2. There has been a gradual
increase in sheep numbers from 96.4 million in 1978 to 111 million today. The
proportion of fme wool sheep/improved fme wool sheep has been growing, from 22%
in 1980 to 27% in 1992. The numbers of other pastoral animals, except horses, has
also substantially increased since 1978.
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Table 1
Number of Livestock by Province, 1994
Province Sheep Goats Cattle & Burralo Horses Donkeys
Hebel 5769 6423 4650 479 1659
Shanxi 4546 3499 2093 100 470
Inner ~tongolia 19912 10368 3654 1482 897
Liaoning 1862 1158 2612 443 911
Jilin 2479 236 3102 756 148
Heilongjiang 3395 602 4022 1028 74
N Sichuan 3617 7093 10688 591 63
~ UCIl
U1 Tihet 11246 5694 5303 360 143 Q)
.s=
Gansu 8324 2448 3574 388 1439 °
°0.
Qinghai 14632 2139 5242 372 106
~
.c
Ningxia 18S3 808 429 18 239 .~
>
CIl
:::l
Xinjiang 24472 4586 3373 1003 115,) a
Total pasloral provinces 102137 45054 48742 7020 7299
All China 117445 123084 123318 10037 10923
% share of pastoral provinces 87 36.6 39.5 69.9 66.8
Source: Chinese Statistical Yearbook, 1995
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Wool production levels Table 2
In 1993/94, China was forecasted to be the fourth largest raw wool producer in the Output of Selected Pastoral Products (1980-94)
world after, in descending order, Australia, New Zealand and the former USSR (see Year wool-total Fine & impr. Semi-fine & Goat hair Cashmere Meat Mutton and
fine wool impr.semi fine Goat meat
Figure 3). Although China had always been a major producer of wool, economy-wide
1980 175728 69035 34587 11687 4005 12764 444
and pastoral sector specific economic reforms launched by Deng Xiaoping from late 1983 194093 88949 38008 11103 3561 na 545
1984 ·182776 85548 34384 10588 3421 na 586
1978 created a production spurt during the 1980's, such that wool production in the
1985 177953 85861 32070 10512 2988 19265 593
early 1990's was some 45% above that of 1980 (see Table 2). Over the period 1980- 1986 185196 89758 32048 11501 3470 21124 622
1994, there has also been a significant increase in the share of fme/improved fme wool 1987 208909 100059 37040 12611 4003 22155 719
1988 221737 110677 40832 14326 4710 24795 802
(from 39% to 45%) and semi-fme/improved semi fme wool (from 19% to 23%) in 1989 237332 120111 42556 16168 5435 26285 962
tv
~ total wool production (see Figure 4). However, a levelling off of production growth 1990 239457 119457 44246 16506 5751 28570 10680:'1 ..
1991 239607 108613 55839 16498 5930 31444 1180
is clearly discernible in the late 1980's and continued into the early 1990's.
1992 238192 106201 52478 17496 5886 34307 1250
1993 240309 109969 53634 19020 6429 38415 1373
" 1994 25465§ 113357 58337 24559 7336 44993 1609
The household responsibility system
Source: Chinese Statistical Yearbook, 1995
At the core of the post-I978 economic reform in the Chinese agricultural sector was
the establishment of the household respflfisibility system to replace the previous
communal organization of production. In the pastoral sector, the implementation of
the household responsibility system took the form of the transfer, in ownership, of
livestock to individual households, and the contracting out of the use rights to pastoral
lands to individual households or groups of household. An immediate effect of the
new system was an increase in the size of the national flock and wool production (see
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Figure 3
Global Raw Wool Production
1993/94
LFormer USSR (8.30%)
Australia (32.41 %
New Zealand (12.87%)
Figure 4
Output of Wool by Wool Types
1994
Coarse (32.58%)
wool-sf/impr.sf (22.91 %)
wool-fine/im{)r.fine (44.51 %)
Source: IWS Wool Business Quarterly, Quarter 1,1995
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Source: Chinese Statistical Yearbook, 1995
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Figure 5
Tables I and 2). This was largely due to the improved economic incentives under the
Indices Showing average prices for
Pastoral Products (1952-1992)
2500 l,----------------------~-------I
have plateaued since the late 1980's. A major reason for this is that the present
new system, including more favourable wool prices (see Figure 5) and the closer
linking of household output with income. However, flock size and wool production
carrying capacity of pastoral lands has been reached, if not exceeded.
Pastoral land degradation
A major threat to the sustainability of Chinese wool production growth is pastoral land
degradation. It is estimated that one third of China's total gra~slands are degraded,
and that pasture productivity has decreased some 30-50% since the 1950's (Liu,
N
~ 1993:21). Furthermore, grassland degradation is accelerating in many areas (ibid).
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There are two major causes of grassland degradation: increased animal and human
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populations pressure on pastoral resources, and the lack of investment in grassland
improvement.
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Source: Chinese Statistical Yearbook (various issues), C. Zhang (1994).
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Population pressure on pastoral resources
A prime cause of grassland degradation is increasing animal populations (as shown in
Figure I), which is in part a function of increasing population pressures in the pastoral
provinces. The first source of human population increase has been the natural growth
of the ethnic minority groups that inhabit pastoral area~. Ethnic minority groups have
been allowed considerable concessions under China's otherwise stringent population
control regime, such as being allowed three or four children per couple compared with
the one and two child policics that respectively applies to urban and rural families
belonging to the Han majority. A second source of population pressure has been the
massive migration of Han Chinese to the pastoral provinces since the 1950·s.
~ The cumulative outcome of natural population increase and migration can be illustrated
\0
by population statistics from the Inner Mongolia Autonomous Region: between 1947
and 1993 total population rose from about 6,000,000 to 22,320.000, with the
proportion of Mongolians (the main ethnic minority group and pastoralists) falling
from 50% to 15%. Large tracts of prime pastoral lands have been converted into
cultivated lands, thus diminishing the pastoral resources available to the still
predominantly Mongolian pastoralists.
Another factor accentuating population pressure on pastoral resources is the
Household Registration System, under which people are classified as
urban/agricultural, urban/non-agricultural. rural/agricultural, or rural/non-agricultural .
It is difficult for people to shift from one group to another, thus restricting their exit
12
from pastoral agricultural even when economic opportunities are higher in other
occupations or regions (Longworth, 1993a:305-306).
Insufficient investment in livestock and grassland improvements
Generally speaking, China's animal husbandry industry is at an early stage of
development. Pilot projects carried out in counties of Inner Mongolia and
Heilongjiang provinces, for example, demonstrate that grass yields can be doubled or
quadrupled merely by fencing the original pasture and practicising rotational grazing
(Zhou, 1990:44-45). Especially in semi-pastoral areas there is potential for
overcoming poor pasture growth in winter, presently a major production constraint,
through the further development of grain feed supply systems. And there is still much
scope for the diffusion of existing improved breeds of sheep.
An immediate constraint on the full exploitation of these technological opportunities,
however, is the inadequately resourced and staffed Chinese agricultural research and
extension system for pastoral agriculture. More significantly, with the introduction of
the household responsibility system, the onus of investing in farm improvements and
the responsibility of managing land sustainably was passed onto individual
housesholds. However, due to distortions in factor and product markets, households
face an economic incentive structure that encourages underinvestrnent in, and
overstocking of, pastoral land.
13
With respect to factor markets, land can not be privately owned and households do not
have the right to freely transfer their use rights over land. Subletting is under tight
administrative control and it is only allowed on a short term basis, if at all. These
imperfections in land markets not only affect how land is used, but also the investment
portfolio of farmers. Because land is an untradeable asset, it lacks liquidity with
respect to other potential investments, including livestock and transport machinery,
thus encouraging socially sub-optimal investment in unsalvageable land investments,
such as fencing, wells and improved pasture (Longworth, 1993a:313-314).
A further deterent to investment in land is the lack of land tenure security. Although
provincial-level regulations establish the term of pastoral lands lease at 15, 30, or 50
years, with some provision made for the inheritance of leases, in practice implementing
NN government units have often used shorter term leases. In this context it is important to
o
note that the lease contacts are not legal contracts in the western sense, but
'certificates of land use rights' that can easily be changed by administrative fiat
""
Price incentive system
With respect to product markets, the traditional wool marketing and pricing system
has suffered from several major deficiencies. Firstly, farmers were paid for wool on a
greasy wool weight basis, thus encouraging the sale of wool littered with foreign
matter. Scouring yields were typically around the 40-45% mark, compared with 65-
75% for Australasia (Zhang, 1990a:13). Secondly, there was a lack of sufficient price
premiums paid for higher quality wool, which countervailed against other government
policy measures designed to increase the proportion of fme and semi-fine wool sheep.
These deficiencies are now in the process of being addressed by the implementation of
a free market and new National Grading Standard for wool since 1992 (Longworth,
1995:65-67). These changes should give farmers more incentive to upgrade their
quality versus quantity of wool production, and thus the potential for farm incomes to
rise without flock sizes - and overstocking - increasing.
Finally, since the introduction of the household responsibility system in the early
1980's, producers have had the freedom to decide what to produce. They have
demostrated significant price responsiveness in their choice of production mix. For
example, prices for Cashmere wool have been rising considerably faster than that for
raw wool during the 1980's, especially after the liberalization of the cashmere market
in 1985 (see Figure 6), and this induced a switch from sheep wool to cashmere
production. Similarly, marketing reforms in the meat sector took place from 1985,
leading to the price of sheep meat rising faster than that of wool, despite the rapid
growth in demand for the latter from the textile industry (see Figure 6). This partially
accounts for the more rapid increase in mutton production (versus wool) after the rnid-
1980's (see Table 2).
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Production Prospects
Thus the introduction of the household responsibility system in the 1980's, coupled
with the strengthening of raw wool prices, induced a strong growth in wool production
during the early to mid-1980's. Production increases plateaued off during the late
1980's, and a number of interrelated factors have been identified as contributing to
this. Firstly, animal numbers had increased at a faster rate than the long-term carrying
capacity of the land. Secondly, ongoing distortions in product markets, coupled with
more favourable price trends for cashmere and sheep meat, operated against
improvement in wool production quality and levels. These distortions are now largely
being addressed through the implementation of wool marketing reforms since 1992.
Thirdly, ongoing distortions in factor markets, especially the lack of land tenure
~ security and transferable use/ownership rights, have been detering farmer investment in
~
pasture improvements. Further reforms are necessary in land and labour markets to
ensure farmer investment in, and the sustainable management of, pastoral resources.
What are the prospects for further growth in wool production? The total number of
sheep has been estimated to rise to 120 million by the year 2000 (from 117 million in
1994), with raw wool production reaching 300-360 kt (from 254 kt in 1994), and
scouring yields increasing 5 points to 45-50% (Zhang, C.). With the freeing-up of
wool markets, it is hypothesized that the strong growth in demand for wool (see next
section), will give farmers both the price incentive and means with which to increase
their production levels, especially of fine and semi-fme wool. On the other hand, given
the current extent of pastoral land degradation caused by the animal population
'overshoot', future increases in - or even maintaining existing - wool production levels
will be contingent on the introductio\l of fundamental institutional changes, especially
in land markets.
Chinese Wool Consumption
The Chinese wool processing and textile industry, the user of domestically produced
and imported wool, has expanded significantly since 1978. With respect to wool
processing capacity, the total number of spindles increased from 0.48 million in 1978
to 3.292.5 million in 1993 and the number of looms increased from 7120 to 35,131
over the same period (see Table 3). Traditionally wo.ol processing was monopolised
by large state-owned mills located in major inland centres or the eastern cities. During
the early 1980's, a large number of new wool processing rural township enterprises
were established, especially in the eastern provinces but, from the mid-1980's, in the
more remote wool growing regions as well (Longworth, 1995:21).
As can be expected, the national production of wool textiles increased rapidly over the
same period. Table 4 shows the increase in production of wool fabric, knitting wool
yam and blankets over 1978-1993. The fastest growth has been in knitting wool yam,
which experienced an average annual growth of 16%. It is important to note,
however, that actual annual growth in wool textile production has been quite variable
and is strongly correlated with overall macroeconomic performance. The period 1989-
1990, for example, was a time of relatively low economic - and textile industry -
growth. Growth started to recover by mid-1992 but was threatened by a raw materials
shortage. China's State Council thus armounced a ban on new wool textile projects
'"7
Table 4
Output of Major Wool Textile and the Proportion of the
Total which was Pure Wool, 1978.1993
Table 3
\'Vool fabric Knitting Wool Blankets
Wool Processing Capacity of China, 1978-1992
Output % Output % Output o/ryear
1978 88850 19.3 37.8 27.2 6250 naWool Spindles ('000) Looms (no.)
1979 90170 24.6 44.4 26.1 6900 naYear Total Yarn Worsted Woollen
1980 100950 27.3 57.3 24.1 8840 na
1978 478.1 95.8 268.5 94.8 7120
1981 113080 31.2 76.5 24.3 10670 na
1979 532.9 111.3 292.9 107.5 7742
1982 126690 36.9 92.5 19.1 13790 naN 1980 600.5 176.1 295.1 103.3 8332
1983 142910 38.5 102.1 20 16220 naNN 1981 744.4 228.6 328 139.5 10054
1984 180490 35.7 110 21.8 17450 na
1982 888.8 375.4 300.7 166.4 12446
1985 218160 37.6 125.6 22.1 20150 20.2
19l!3 IOOS.3 30l!.5 445.1 209.5 14650
1986 i51860 29.4 149.1 17.5 24220 19.4""
19l!4 120S.2 32S.1 497.6 283.7 17121
1987 265380 33.2 204.7 17.8 30190 19.3
1985 1394.9 368.6 606.6 379.5 21676
1988 286090 29.9 220.5 21.5 35160 20.3
1986 1685.3 525.3 731.9 392.8 25704
1989 279620 20.9 250 16.5 30810 18.31987 1992 638.6 821 489.3 29171
1990 295050 15 249.9 12.6 22960 11.41988 2266.7 756.1 898.5 562.2 33451
1991 311410 17.7 282.5 16.9 24000 9.81989 2522.7 l!81.5 969.2 598.1 32602
1992 337920 21.8 350.6 24.3 24570 11.41990 2('Sl!.7 941.4 1010.2 638 33556
1993 353830 25.2 343.5 32.7 35350 na1991 3030.2 1110.7 1145.8 709.8 35128
1992 3292.5 1292.3 1187.9 736.2 35131 Source: Longwonh, 1995
Source: Chinese Statistical Yearbook (various issues), C. Zhang (1994).
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(except joint ventures) to ease raw material shortages and prevent over-expansion in
the textile industry (International Textile Outlook, 1995:20).
Table 5
Wool Consumption in China, 1952-1992
With respect to the location of the industry, two factors stand out: fIrstly, the wool
Wool Fabrics Wool Yarn (Thread) Woolen Blankets
textile industry has become more widely dispersed throughout China since 1980 and, Year Dom. Retail (10 m) Per Capita (m) Dom.Retail (10 t) Per Capita (kg) Dom. Retail (10 pes)
secondly, there has been a signiflcant expansion in the wool textle industries in the
major pastoral regions, particularly XUAR, IMAR and Gansu.
Chinese wool demand is derived from the demand, both in China and international
markets, for the products of the Chinese wool textile industry. The first, the Chinese
domestic market, has expanded rapidly during the 1980's. fueled by high economic
growth coupled with the removal of domestic clothing rationing in 1982 (see Table 5).
N
N However, austerity measures introduced by the government in September 1988
CJJ
dampened consumer expenditure in general, with real expenditure on clothing falling
by 12% between 1988 and 1989 (Lin, 1993:54). Accentuating low domestic demand
for woollen textiles and clothing at this time was a sharp rise in domestic wool prices
compared with other textiles. Over the period 1985-1987 offIcial WGol prices had been
below 'market equilibrium' and this generated supply shortages (and increased
imports). But from 1988 to 1990 offIcial wool prices were well above the market
equilibrium level, causing the build up of stockpiles and the substitution of other raw
materials for wool by the textile and clothing industry (the declining proportion of
pure-wool fabrics and yarns is given in Table 4). Growth in domestic retail sales of
wool-based products have since recovered (see Table 5). Chinese per capita
consumption of wool remains low by international standards: some 0.2 kg per person
1952
1955
1960
1965
1970
1975
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
142.21
184.11
297.04
317.95
277.6
265.41
301.02
293.14
na
na
na
na
na
na
na
27.41 na
na
na
8343
9171
13545
15170
17294
20510
27689
17999
14615
16325
na
na
compared with 0.5 kg for Korea, 1.4 kg for Japan, 1.5 kg for the European
Source: Statistical Yearbook of China, 1994
Community and nearly 1.9 kg for Taiwan (ABARE, 1993: 10). With woollen clothing
being a luxury good, there is considerable potential for the further expansion of
demand.
The second source of demand for the output of the Chinese textile and clothing
industry is of course the international market. Facilitated by the trade and foreign
investment reforms (the 'open door policy'), the value of Chinese textile and clothing
exports increased at an average annual rate of 15.6% between 1980 and 1993 (Textile
International Outlook, 1995:27). In 1993, textile and clothing exports amounted to
US$27,565 million, a 6-fold increase over 1980. This represented 30% of China's
total exports and 10.2% of total world trade in textiles and clothing (Textile Outlook
International, 1995:27). Similiar trends are visible in the wool-based textile and
~ clothing sub-sector (see Figure 6). Between 1982 and 1993, annual growth in the
~
value of woollen yarns and woollen garment exports averaged 60% and 27%
respectively.
The fast increase in China's textile and clothing industry's demand for wool coupled
with sluggish growth in Chinese wool production has meant that an increasing portion
of China's wool requirements have been sourced from abroad. Figure 7, based on
estimates derived by C. Zhang using various statistical sources, illustrates the growing
import gap.
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Figure 6
Exports of Wool Textiles
by proportions, (1982-1993)
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Table 6
Wool Fibre Balance in China (1980-1994)
Dom.Output Net Imports Net Exports Dom.Cons.
Wool Fihre Wool Fibre Wool Textile Wool Fihre
Year
1980 92 31.7""XKWtW:aSX,JZ4i1,l 99
1981 98.1 47.4 MdmlmHlnml~Si 121
1982 103 71.8 iWl@WH@lM~$$i 149
1983 98.2 155
1984 92.2 125
tv 1985 89.4 99.2 ii'WtmmmWlS$\ 173
tv(Jl 1986 93.1 226
1987 104.6 224
1988 112.5 250
1989 ~ 120.3 197
1990 121.4 130
1991 121.5 207.1
1992 120.8 221.3
1993 121.8 235.7
1994 129.3 2503
Source: Estimates by C. Zhang based on various statistical sources.
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New Zealand - China Wool Trade
China is the third largest producer (after Australia and NZ) and the largest importer of
wool. During the year ending in March 1995, China accounted for 27% of total NZ
wool exports, three times higher than the UK, the second largest destination of NZ
wool. Other major markets for NZ wool are Hong Kong (9%), Germany (8%), Japan
(7%), Belgium (6%), and Australia (6%). China is also the fastest growing market for
NZ wool, where sales in 1994 increased by 22% over the preceding year (for UK, the
export volume for the corresponding period actually declined by 14%). Increased
demand by the leading importer has prompted significant price increases for producers.
In US$ terms, the average prices in March 1995 were 50% higher than the previous
year (the actual receipts for New Zealand wool producers was much lower due to the
appreciation of the NZ dollar against the US dollar).
Chinese demand for imported wool comes from two sources, domestic use and re-
export. It is Widely believed that about 75% of the imported wool is processed for the
Chinese domestic market, the remainder 25% earmarked for re-export
(Longworth, 1995: 167).
Domestic use
Chinese wool consumption is low by the world standards. While consumption on a per
capita basis has stabilised in recent years since their highs during 1987-89, the last
three quarters indicate the delayed impact of strong economic performance. Economic
25
growth in China peaked in 1993 at almost 14%. Although tighter monetary and fiscal
policies aimed at putting a lid on inflationary pressure slowed the growth around the
10% mark, China is expected to maintain its lead as the fastest growing economy well
into the year 2000. Hand knitting is a prevalent practice among traditional Chinese
Figure 7
housewives and New Zealand wool is well suited for this use. About 70% of NZ
wool exported to China goes into hand knitting yarn (Export News, May 1995).
Wool Fibre Balance in China
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new "township-enterprise" mills in the second half of the 1980s, the number of wool
Historically, -the large coastal mills dominated the scene. With the emergence of the
Re-export
textile spindles increased enormously. Already, China is a significant exporter in the
As noted earlier, about a quarter of the imported of raw and semi-processed wool in
China is used by the export-oriented wool textile industry. Moreover, as can be seen in
~ Figure 7 (Wool fibre balance in China), the export of wool textiles from China has
0\
increased monotonically from less than 10% in 1986 to about 25% in 1994.
international markets for wool-based yarns, garments and textiles. As noted in the
earlier chapters, availability of pastoral land limits the quantity of domestic raw wool. o Dom.Output • Net Imports • Net Exports of Wool Textile
Furthermore, the fme grade wools that the export-oriented textile industry demands
can not be met by domestic production alone. This makes China the largest wool
importing country as well.
)ource: Estimates by C. Zhang based 011, various statistical sources.
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Domestic politics and trade
With rapid libelalisation of international trade, wool imports still remain a politically
sensitive issue in China. The pastoral provinces in the northern and the western regions
(see Figure I), where most of the Chinese wool supply originates, is also the home of
many ethnic minorities. It is argued that an "open-door" import policy, by lowering
domestic wool prices, would impose undue hardship on these subsistence farmers,
leading to ethnic unrest. It should be noted that this fear even manifested itself with
respect to domestic trade policy in wool. It is only since 1992 that the domestic
market was open for significant inter-provincial trade. Prior to 1992, wool producing
provinces would protect local wool industry by restricting exports to other provinces.
~ A closer analysis reveals that the Chinese fear of imported wool displacing domestic
'.J
production is unfounded. Raw wool is a heterogeneous product. Domestic wool and
imported wool tend to fmd different end-uses and are more complementary than
competitive "(Longworth,1995:167). On many occasions, high domestic production
was accompanied by high import levels (and export of wool products).
Historically, the Chinese authorities have used a combination of tariffs, quotas and a
managed foreign exchange system to restrict wool imports. Following the reform of
the foreign exchange system in 1993, Chinese wool importers are now able to obtain
easier access to their foreign exchange requirements. However, tariff barriers still
remain and import quotas can be exercised as needed.
28
GATTIWTO
In recent years, China's wool import regime has lowered both tariff levels as well as
the incidence of quotas on wool imports. This is consistent with the Chinese
government's overall objective to create a more "open" economy. China has applied
for full membership of the World Trade Organisation (WTO), the successor to the
General Agreement on Tariff and Trade (GATT). This is expected to boost China's
export of woollen products. Until recently, wool textile trade among the developed
market economies of the world was regulated under the Multi Fibre arrangement
(MFA). China's access to the markets of MFA importing countries, which together
constituted by far the most important international market, was only provided via
cumbersome bilateral agreements. One of the deals negotiated at the GATT Uruguay
Round is the gradual phasing out of the Multi Fibre arrangement over the next ten year
period. For China, a pre-condition to enjoying the benefits of the abolishment of the
MFA is to become a full member of the WTO.
Composition of Wool Trade
Wool exports are normally classified into three categories: greasy/raw wool,
scouredlcarbonised and worsted/woollen/tops. Since 1992, import of wool yarn is
showing tremendous growth, especially from New Zealand (see Figure 8). The Chinese
preference for a particular type of wool import over the other is dictated by economic
reality at that particular time. Until 1978, wool processing in China was carried out
almost exclusively in the large integrated, state-owned textile mills in the coastal
provinces. During the early 1980s, these state-owned mills undertook modernisation
by investing heavily in imported equipment. As a by-product of this, the new
"township enterprise" rnills developed using cheap second-hand equipment abandoned
Figure 8
by the large state-owned mills. These were the 'lax times' when the mills could import
their raw wool requirement without government approval. In their search for raw
wool, the township enterprises entered into very aggressive buying practices and this
Chinese Wool Imports from New Zealand
by FOnTI of Wool, 1989-94
culminated in the 'wool war' and record raw wool prices over the period 1986-87. For
raw/greasy wool, most of the world trade is conducted through auctions in the major
30000 I
wool producing countries. The Chinese buyers were competing quite "irrationally" in
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international auctions for greasy wooL The Chinese government reaction to this
irrational bidding came in the way of recentralising control over wool imports in 1989.
Greasy prices and imports fell drastically. Since 1992, renewed confidence in economic
performance has resulted in accelerated imports. Wool prices have been rising steadily
at the same time.
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inefficiency of the Chinese wool textile industry in their early stages of processing. To
The shift towards worsted/tops and wool yarn (see Figure 8) reflects the persistent
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cut down the processing cost, and to meet the strong export demand for wool textiles,
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this trend is expected to continue for some time.
Source: Chinese Customs Statistics
10. 31
Figure 10
Figure 9
Chinese Wool Imports from NZ
by Volume & Value (1989-94)
NZs Share of Chinese Wool Imports
1989-94
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Figure 11
Major Wool Exporters to China by Value
1994
Implications for New Zealand
When it comes to wool trade with China, New Zealand's biggest partner is also quite
unreliable. Year-to-year purchases show a very volatile behaviour (see Figure 9).
Experience also shows that whenever frantic buying by the Chinese puts their imports
and world prices for wool at record levels, the authorities react with lightning speed,
which reverses the favourable trend for exporters like New Zealand. A shift in import
~
o
S.Africa (0.27%)
Kazakhstan (17.93%)
Mongolia (6.48%)
Uruguay (7.82%)
Argentina (2.12%)
Source: Chinese Customs Statistics
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Australia (45.17%)
composition toward Hgher value-added wool products should be addressed by major
exporters. Continuous monitoring of market trends and promotional efforts will be
needed to maintain the current favourable trend in wool trade.
Summary and Conclusions
Chinese economic reforms launched in 1978 have generated a strong production
response from domestic wool producers, though in many areas the sustainability of
prr'duction may prove to be short-lived. The demand for wool by the Chinese wool
textile and clothing industry, whose growth has been fuelled by a burgeoning domestic
market and its new export-orientation, has outpaced growth in domestic wool
production. China has thus emerged as the leading wool importer in the world and
New Zealand's major wool export market. Within China, the hand-knitting market is
the major destination of New Zealand wool. There has been a shift towards the
exportation of wool worsted/tops and wool yam, and this trend is expected to
continue. A major problem with the Chinese market is its volatile behaviour. To the
extent to which Chinese government intervention in wool trade has accentuated this
35 ~
volatility, further trade reform should reduce market fluctuations as well as strengthen
Chinese demand for wool imports.
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Economic Issues Relating to the Control of Bovine Tuberculosis In New Zealand:
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Abstract: This research presents an empirical bioeconomic model of livestock disease
control for producers raising beef cattle in the ClarencelWaiau region of the South Island.
Non-linear optimisation techniques were used Lo solve the dynamic problem numerically
for four state and two control variables, which gave the optimal time pathway for disease
prevalence. Individual producer response to specific changes to the existing policy
environment was then examined in detail. Numerical results, subject to specific parameter
values, provide valuable information for the design and implementation of policy.
Eliminating reactor compensation makes diseased stock more costly and prompts
producers to increase their possum harvest activities Instituting a 'user pays' system for
testing transfers the cost of control to those who utilise the testing services, but has no
impact on prevalence when testing is enforced. Eliminating the wildfire reservoir as a
source of disease provides the only means by which disease can be eradicated from the
cattle herd. Unfortunately, individual profit maximising producers can not be expected to
maintain possums at low densities unless the probability of transmission between possums
and cattle is quite high.
I. Introduction
Tuberculosis is an infectious disease caused by bacteria of the genus
Mycobacterium. Mycobacteria bovis (M. bovis), the principal infectious agent of
tuberculosis in cattle, has the widest host range of the three main types of tuberculosis
causing bacilli (Blood and Radostits, 1989). The fact that M. bovis is infective to all warm
blooded animals has complicated efforts to control bovine Tb in several countries
throughout the world. In New Zealand the success of the Tb eradication program has
been inhibited by at least one known reservoir of disease: the Australian brushtailed
possum (T velpecula).
There are a number of external effects associated with the control of tuberculosis
in cattle. Producers who ensure low levels of disease on their property reduce the
probability of outbreak for other cattle producers in the region. Because humans are also
susceptible to M. bovis, a lower level of tuberculosis in cattle reduces the risk that humans
will contract the disease. To the extent that endemic levels of tuberculosis may prompt
non-tariff barriers to trade, it can be argued that individual disease control activities may
impact other producers throughout the nation.
National policies designed to lower disease prevalence in New Zealand, as in most
other countries in the world, have been largely regulatory. In New Zealand all cattle
producers have been required to test their stock for Tb at regular intervals since the
1970's. More recently emphasis has been placed on restricting the movement of stock and
controlling feral populations that serve as reservoirs for disease (Livingstone, 1992).
Despite the influence that individual producer behaviour may have on collective efforts to
control disease, little has been done to develop a formal understanding of the factors that
prompt individuals to manage disease within their herds. This research presents a
bioeconomic model oflivestock disease control in which producers are asserted to
maximise the discounted net revenue derived from their cattle operations, subject to
several biological constraints. The model has been estimated empirically and solved
numerically for a representative beef herd in a specific region in New Zealand that has
been experiencing persistent levels of bovine tuberculosis Numerical methods are then
used to explore producer response to several proposed policy changes, and how the
responses impact the resulting level of disease within the herd.
II. Bovine Tuberculosis in New Zealand: Current Situation and Policy Goals
Over the past ten years an increasing percentage of the budget for the New
Zealand bovine tuberculosis control scheme has been sourced directly from industry
groups that are most affected by the disease. The scheme is now managed primarily by
farmers or their representatives through an eight member Animal Health Board (AHB),
which is comprised of appointees from the beef, dairy and deer industries as well as
representatives from National and local government. Funding for the scheme in 1994/95
totalled $36.1 million (NZ$), and came primarily from the farming industry through direct
contributions and a levy on all cattle slaughtered.
For disease management purposes New Zealand has been categorised into endemic
and non-endemic regions. The endemic areas cover approximately 22% of New Zealand's
land mass, yet contain 76% of the infected cattle. These regions are all characterised by
persistent levels of disease in one or more feral populations. Tuberculosis is also
~ concentrated in the beef (as opposed to dairy) population in New Zealand. In 1992/93
t+::- .. approximately 80% of the tuberculin reactors slaughtered were beef animals, and beef
herds comprised the majority of the herds under movement control (MAF, 1994).
The fundamental policy goal of the AHB is to eradicate bovine tuberculosis from
New Zealand. This goal requires that the number of tubercuinus herds be reduced from
the current level of approximately two percent to a level which satisfies internationally
recognised standards as "officially free" of disease. Article 3.2.3.10 of the International
Zoo-sanitary Code provides guidelines upon which the AHB has based their target: less
than 0.2% of the herds in a geographical area on movement control. Through a
combination of diagnostic testing and slaughter of cattle, possum control operations,
movement control, and slaughterhouse surveillance the AHB seeks to I) reduce the
percentage of movement-controlled herds in non-endemic areas to 0.2%,2) drastically
reduce the number ofreactors and movement controlled herds in endemic areas, and 3)
prevent the establishment of new endemic areas (Animal Health Board, 1995)
The AHB believes, however, that current policies may mask the true cost of
di~ease to individual producers thus inhibiting their motivation to actively participate in the
disease control process. As a consequence the Board is reviewing various components of
the national tuberculosis control scheme, and considering several policy changes designed
to encourage individual producers to take more responsibility for Tb management on their
properties. The strength of the model developed for this research is that it can be used to
explore the likely effects of proposed policy changes before the new policies are actually
implemented. This exercise improves our understanding of the dynamic interaction among
biological and economic factors which influence individual control decisions and is
ultimately critical to the successful implementation of national disease control policy.
III. Empirical Methodology -- Discrete Time Optimal Control
The ClarenceIWaiau Endemic Region
The empirical model was estimated for the Clarence/Waiau endemic area, which
occupies the south-eastern part of the Marlborough Region and the northern end of the
Canterbury Region (Figure 1). Large areas of bush provide favourable habitat for
possums, and low cattle numbers make the disease reservoir difficult to monitor. As a
consequence, the area officially classified as endemic has continued to expand. Primary
disease control measures for this endemic area include enforced annual Tb testing of
cattle, movement control, and possum control operations aimed at containing the spread
ofTb in the feral population.
The Model
Equations 1 through 9 describe the optimal control model in discrete time. The
model contains four state and three control variables. State variables, which are linked by
means of non-linear equations of motion, include healthy and infectious cattle as well as
possum population is controlled and uncontrolled habitats. Control options consist of
marketing and tuberculosis testing cattle, and harvesting potentially tuberculous possums
The cattle producer's economic problem is to select a disease control strategy and level of
marketing activity which maximises the present value of livestock production ($/ha) in the
presence of a wildlife rese~oir of disease. Variable definitions and base values for the
parameters are summarised in Table I. Values for price parameters in the base run were
chosen to most accurately reflect the state of the system in 1994, which corresponds to the
first period of the analysis
Table 1 Variable Definitions and Parameter Values
~
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Figure I. The ClarencelWaiau Endemic Region 1986 - 1993
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Average production and price statistics used to calculate many of the model
parameters were obtained from the New Zealand Meat and Wool Board's Economic
Service (NZMWB), who conduct annual surveys of sheep and beef farmers throughout
New Zealand'. The results from the NZMWB's annual surveys are aggregated by farm
class, and statistics are presented as averages for each class of farms According to the
NZMWB personnel, Class II farms are most representative of beef production in the
Clarence/Waiau endemic region.
Definition Base Value
S, Density of susceptible cattle (state variable) hd/ha
I, Density ofinfeded cattle (state variable) hd/hd
PI, Density offarm possums (state variable) hd/ha
P2, Density of forest possums (state variable) hd/ha
M, Marketing activity (control variable) %
T, Tuberculosis testing effort (control variable) #
H, Harvest rate for possums (control variable) hd/ha
0 Annual discount rate 705%
p Average price of cattle ($/hd) $570
Lt Slaughter levy ($/hd) $8.70
YI Compensation for non-leisioned test positive cattle 85%
Y2 Compensation for leisioned test positive cattle 85%
~ Market value salvaged from infected cattle 35%
VI Variable costs of maintaining herd ($/hd) $15
V2 Cost of testing cattle ($/hd) $150
w Cost of time spent possum hunting ($/day) $136
a Maximum Rate of Growth for cattle herd (-t) 67%
b Mortality for cattle (-t) 2%
~ Carrying capacity of pasture -- cattle (hd/ha) 0.35
rpl Intrinsic growth rate for farm possums (-t) 30%
Kpl Carrying capa,city for farm possums 3 I
t3
0\
rP2 Intrinsic growth rate for forest possums 20%
Kp2 Carrying capacity for forest possums 2
D Dispersion parameter (hdlha/yr) I
Z Possum disease threshold (hd/ha) 14
131 Cattle-cattle disease transmission coefficient 3
132 Possum-cattle disease transmission coefficient 0.003
1:1 (I - specificity of the tuberculosis test) =% False Positives 2%
1:2 Sensitivity of the tuberculosis test =% True Positives 66%
The Objective Function
According to equation I, the cattle producer's economic objective is to select a
marketing (M,) and testing (Tt) strategy for cattle, and a harvest scheme for possums (H,)
that maximises discounted net revenue from the sale of cattle. Callie producers are
asserted to be operating in a perfectly competitive environment, facing price p for non-
infected cattle. All cattle slaughtered in New Zealand are subject to a levy (I) which
provides funding for the National Tuberculosis Control Scheme The control variable for
marketing is expressed in percentage terms, so the gross revenue from marketing healthy
cattle is (p - OM,S,.
T
(1) Maximise 7[= Lo/{(p-LXM/(S/ +fl!/)+1f(I-M/)(r,T,S/ +r2T21/))-
T, ,M, ,H, /=0
UI(S/ +1/)-T/(U2(I-M/)(S/ +1,))-_w-(~/)21
6.449 r
The comprehensive testing scheme in New Zealand has resulted in a very low level
of tuberculosis, and clinically ill animals are extremely uncommon. It is assumed,
therefore, that producers can not distinguish between healthy and infected animals by
casual observation. The marketing activity will consequently harvest both categories of
cattle indiscriminately. Producers receive no government compensation for cattle which
are identified as tuberculous at the slaughter facilities These callie will either not have
been tested, or have falsely tested negative. It is assumed that all infected animals that are
marketed will be detected at slaughter. Farmers may receive a small percentage of market
value for these infected animals if all or part of the carcass can be salvaged for
manufacturing purposes. The salvage value is expressed in the model as a percentage of
the total market value, and is represented in Equation 1 by ~L One of the principle costs
associated with tuberculosis, therefore, is the reduction in carcase value of cattle that have
become infected.
Testing is hypothesised to occur after the marketing activity has taken place,
leaving a population of (1 - M,)(S, + I,) individuals to test. Cattle that test positive to the
tuberculosis test are removed from the herd and slaughtered. The New Zealand
government currently compensates farmers for test positive cattle. Compensation is paid
as a percentage of market price, which is represented in the model by the parameters y;.
Although current policy dictates that YI = Y2, the model retains a more general formulation
for policy runs in Section 6.
The parameter v I represents the average annual cost per head of producing cattle,
and is assumed to be independent of disease status. The average cost of testing callie is
represented in Equation 1 by the parameter V2. The testing procedure involves a variable
cost per animal tested (currently funded out of the National Bovine Tb Eradication
Scheme budget) as well as the expenses associated with mustering and handling stock.
For modelling purposes both of these parameters are assumed to be independent of
herdsize.
The cost function for possum harvesting activities was estimated from density and
kill data coll~cted on ground control operations throughout New Zealand. Harvest costs
vary in direct proportion to the number of possums harvested, and inversely with possum
density. The convexity of the harvest cost function in possum density reflects the
increasing time required to harvest possums when densities are low.
Equations ojMotion
Profit maximising choices are subject to constraints 2 - 5, which are the state
equations of motion for the susceptible and infected cattle, and the possum populations
infected animals that are removed from the herd during testing. This proportion depends
directly on the test sensitivity, which reflects the ability of the test to detect infected
animals
The biological growth of the cattle herd depends on cattle density and biological
growth parameters. Assuming no vertical transmission of tuberculosis, both susceptible
and infected animals contribute equally to the growth of the susceptible herd. Disease flux
terms !3IS,,!, and !32S,,(PI,-Z) formally represent the dynamics of disease transmission.
Healthy cattle become infected when they make effective contact with infectious
individuals. The rate at which cattle become infected, therefore, varies in direct
proportion to the number of susceptible and infectious cattle, as well as the size of the 'in-
N contact' wildlife reservoir.
~ Epidemiological modelling ofTb in possum populations suggests that eradication
of the disease in possums may be possible if possum density is maintained below a
particular threshold level (Barlow, 199Ia,b) The threshold concept is characteristic of
this class of models, which require that the generation of secondary cases must be
sufficient to maintain infection within the population of interest. The disease threshold for
the possum population is incorporated into the current model by making transmission
proportional to (PI, - Z), where Z is equal to 40% of the possum habitat carrying capacity.
An additional constraint (Equation 6) keeps P I, greater than or equal to Z, so that
susceptible cattle will not be mathematically created by interacting with possums.
The parameter 1:1 defines the proportion of healthy cattle that are removed from
the herd because of test positive status. The number of false positive reactors varies
inversely with the level of the test specificity (specificity = I - 1:1), which reflects the ability
of the test to detect non-diseased animals Similarly, 1:2 determines the proportion of
to capture that migratory pressure.
Equation 7 specifies the initial conditions for state variables, while equations 8 and
9 place restrictions on the state an control space, respectively.
In the absence of control the change in the possum populations is determined by
the biological growth rates and the migratory flux between controlled and uncontrolled
habitats (Equations 4 and 5). Possums in the vicinity of a cattle operation can be further
reduced by harvesting. In a comprehensive review of the brushtailed possum in New
Zealand, Batchelor and Cowan (1981) cite a number of ecological studies which suggest
that initial recolonisation in areas subject to control is mostly by immigrating possums
when there are adequate source areas nearby The flux term D(~-P2,) is designed
KI, K2,
St,lt,Pl t ,P2 t :2:0
Pit :2:Z
P2 t+1 = P2 t + rP2(P2 t )- ;:2 (P2()2 _ J Pit _ P2 t )P2 L\Kpl K p2
o~ M, ~ 1;0 ~ T, ~ 1;0 ~ H, ~ PI,
5(0) =50;1(0) = 10;PI(0) = Plo;l)2(0) =P20
( ) rpi ( )Z qPI t P2 t )PI(+I =PIt +rpi Pit -- Pit - ----- -H tKPI K p1 K p2
(9)
(8)
(7)
(6)
(5)
(4)
1(+1 =It +/3I S t l t +/3zSt(!)lt-Z)-Mtlt-7r(I-Mt)rZlt-blt
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Tt r I {I- M t )St - bS(
(3)
(2)
N
eN
00
IV Solution Technique
To solve the model numerically the control problem was collapsed into a non-
linear programming format by defining the state and control variables in each time period
as activities. The equations of motion were then specified as non-linear constraints linking
one time period to the next. The system was solved using GAMSIMINOS (Brooke,
Kendrick and Meeraus, 1988) for non-linear optimisation on a mainframe computer.
GAMSIMINOS uses a reduced gradient algorithm, combined with a quasi-Newton
optimisation method and sequentially linearises the non-linear constraints.
V Model Results
Table 2 displays the numerical results from the empirical model. The first column
contains the steady-state values of several key variables for the base levels of the
parameters. These parameters were set initially to reflect as closely as possible the current
policy environment. Under the assumed values of the parameters, and under an enforced
annual testing regime a steady state herd is of 231 is reached within the first five time
periods. The marketing activity follows a singular path of 36%, or 83 head of cattle sold
each time period. Annual revenue is maintained at $27.44/ha, or $44,672.32 for the cattle
enterprise. When the initial values of the parameters are set substantially above or below
this level, the steady state is reached as quickly as possible by setting the marketing
variable at one of its extreme values. This "most rapid approach" path is characteristic of
linear control problems.
The above values compare vary favourably to the most recent statistics available
from the New Zealand Meat and Wool Boards Annual Surveys. At the beginning of the
1992/93 financial year Class II farms reported an average herd size of 23 3 beef animals.
Throughout the year 85 animals were marketed, which represents 36.5% of the opening
herd. Net revenue per hectare for the cattle enterprise was $27.01
Even 'with annual testing, disease persists in the herd at a real prevalence of 1 11%,
or approximately 3 infected animals in the herd. The model predicts that there will be four
cattle testing positive each year, but that 75% of the reactors will be false positives. In an
effort to validate the model, this output was compared to actual herd histories for a small
number of beef breeding herds in the Clarence/Waiau endemic region that have been
experiencing trouble with persistent leveis ofTb. While the reactor rate predicted by the
model (1.7%) is within the observed range for the sample data (0.66% -- 1.8%), there are
two important discrepancies between the model output and was is observed in the field.
The first discrepancy involves the reactor rate through time, and the second involves the
observed proportion of false positives.
Perhaps not surprisingly, reactor rates on each property tend to vary through time.
The range in the available data was between 0.0% and 7.9%. Unfortunately it is not
possible to capture such variation with a deterministic model. While it would be possible
to introduce random variation in the numerical simulations, such a modification would
only obscure general model results. Regarding the proportion of the reactors that are false
positives. Post mortem analysis of reactor carcases from the Clarence/Waiau endemic
region reveals that at least half of the cattle which test positive also exhibit visible
tuberculous lesions at slaughter. These results indicate that at least halfof the reactor
cattle are actually tuberculous. The proportion of false positive reactors will be a function
of the actual prevalence of disease, as well as the sensitivity and specificity of the
tuberculosis test. In particular, small increases in the specificity of the test (decreases in
1:1) will result in relatively large decreases in the absolute number of false positives.
Subsequent discussions with animal health officials suggest that MAF veterinarians are
achieving higher levels of both sensitivity and specificity than those suggested by the field
trial upon which the model parameter estimates were based.
Possum harvesting activities are maintained at a low level of approximately 2% of
the farm possum population, which encourages a small amount ofmigration from the
adjacent habitat. Although the shadow value for possums indicates that they have
negative economic value, the costs of harvesting under the assumed wage precludes a
more rigorous level of control.
The marginal values on a number of the constraints provide interesting economic
information on this complex system. The marginal value on the testing constraint is small
in magnitude, but negative in all time periods. The implication is that enforced testing on
an annual basis imposes a very small economic cost on the system despite the fact that the
veterinary charges are not bo~ne directly by the producer. Under the assumed values of
N
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the parameters, therefore, profit maximising producers would not be expected to test in
every period. Increasing the initial number of infected animals implies a positive marginal
value for the testing constraint early in the time horizon, suggesting that the optimal
strategy is to test early in the time horizon.
The marginal value on the equation of motion for infected cattle, which represents
the costate variable for this state, is positive in all time periods. Although infected cattle
have a smaller implicit value than healthy cattle, the fact that the costate variable is
positive implies that infected cattle are a productive economic asset despite their
contribution to the disease process. As we will see in the subsequent section, the level of
compensation is an important component of the implicit value of infected cattle.
VI Policy Implications
As mentioned previously, the Animal Health Board is attempting to identifY policies
which encourage producers to participate more actively in the disease control process, and
ensure that the costs ofmanaging Tb in New Zealand are borne by those who benefit most
directly from them (Animal Health Board, 1995) Policies currently under consideration by the
Board involve eliminating reactor compensation, implementing a 'user-pays' system for
tuberculosis testing and requiring producers to participate more actively in the control of
potentially tuberculous possums. This section explores producer response to these proposed
changes.
1) Reactor Compensation
Reactor compensation was instituted in part to encourage full farmer participation
in tuberculosis testing procedures. Non-compliance with the test and slaughter policy has
the potential to become a major issue because it may be possible for farmers to identifY
(and conceal) reactors before the veterinarian arrives for a follow-up visit. The Animal
Health Board has realised, however, that compensation payments may have given
producers a false impression of the cost of infected animals. As a consequence, the Board
is considering several policies which drastically alter the compensation schedule (Animal
Health Board, 1995).
The complete elimination of compensation was simulated by setting Y, equal to 0.9
and Y
2
equal to Jl. It was implicitly assumed, therefore, that producers will gross the same
amount for a tuberculous animal whether the beast was identified with the aid ofa
tuberculosis test or during routine slaughterhouse surveillance. The parameter associated
with false positives (Y,) was set equal to 0.9, to reflect the transactions costs associated
with transporting and slaughtering a potentially tuberculous animals 1. Finally; it was
assumed that the AHB would reduce the slaughter levy once compensation was no longer
being paid.
The elimination of compensation payments has a number of effects on the steady-
state solution that are worthy of note (Policy 2 in Table 2). Producers achieve a slightly
lower level of prevalence (1.02%) under a "no compensation" policy by increasing the
possum harvest rate to 3.61% and maintaining a smaller herd to reduce both between and
within species transmission. A similar level of sales is obtained by marketing a larger
percentage of a smaller herd. Annual revenues fall by $0.11 per hectare, or approximately
$179.08
One variable of particular interest that is not reported in Table 2 is the shadow
value on infected cattle, which represents the costate variable for this state variable. In the
ceteris paribus absence of compensation, the implicit value of an infected animal becomes
negative. While it is still not optimal to test every period (the marginal value on the
testing constraint becomes negative after the fifth period) the elimination of compensation
implies a very different value for infected stock. At the margin, an infected cattle beast
has an implicit value of approximately $200 when compensation is being paid. Without
compensation, however, an additional infected animal will actually decrease the value of
the objective function by approximately $46.00. As a consequence, producers take a more
active role in 'controlling the spread of disease within their herds.
The qualitative resulls of the analysis of this policy are invariant to values of Y, between 0.35 and
0.9.
0.00'/, I I I I I I ;::=r--- I , I I I I I I
Figure 2 Optimal Trajectory ofDisease With No Wildlife Reservoir
(direct) relationship between the cost of testing and the resulting level of disease when
producers choose the level of testing activity that maximises profit.
3) Possum Control
Given the base values for the parameters, the' closed herd' assumption, and the
enforced testing regime, the key component to disease persistence in cattle is reinfection
from the wildlife reservoir. Because they believe that the primary responsibility for vector
control should lie with landowners, the AHB has announced a plan to reduce their
contribution towards vector control from 24% to 10% by the year 2000. Private
landowners, on the other hand, will be expected to increase their contribution from the
current level of 20% to an estimated 50% by the year 2000. The Board is suggesting that
the increase in producer contribution be in the form of maintenance control once the initial
vector populations have been reduced. Funding for the maintenance work is expected to
come from some combination oflocal rates and direct contributions.
Elimination of the wildlife reservoir
The successful elimination of the wildlife reservoir was simulated by setting 132
equal to zero. Results indicate that if possum are eliminated as a source of tuberculosis,
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Before considering the next policy it is worth determining whether these results
would change if producers were not constrained by a regulation which requires them to
test their cattle annually. Numerical work indicates that when annual testing is not
enforced the elimination of compensation payments prompts a decrease in the level of
testing activity, which results in a higher level of prevalence on average. This makes
intuitive sense as compensation payments increases the returns to testing. It does,
however, highlight the fact that the effects of one policy (the elimination of compensation)
may depend critically on the existence of another (enforced testing)
2) User Pays for Tb Testing
The AHB currently funds the tuberculosis testing of all cattle in New Zealand at a
cost of approximately $7 million. In an effort to make the costs of tuberculosis control
more transparent, the Board is considering several policies which require producers to pay
directly for tuberculosis testing. Potential policies range from requiring producers to pay
only for movement control and discretionary testing to having producers pay all testing
costs (Animal Health Board, 1995).
A 'user pays' system for tuberculosis testing was simulated by simultaneously
tv increasing the variable cost of testing and reducing the slaughter levy All other variables
t+;;.
o were held at their base values. When tuberculosis testing is not a choice variable,
increasing the cost of testing serves primarily to reduce annual revenue for producers of
breeding and/or store stock in endemic regions (Policy 3 in Table 2). Although the
slaughter levy has declined by more than the cost of testing has increased, there are more
cattle tested than slaughtered each year on this 'typical' breeding farm. The very slight
reduction in prevalence results from the maintenance of a smaller steady-state herd. The
major beneficiaries of a policy which increase the variable cost of testing would clearly be
producers who fatten store stock for slaughter as they maintain proportionately fewer
breeding animals which require regular testing.
Once again it is important to note that the results of this policy analysis rely on the
fact that annual tuberculosis testing is enforced by regulation Numerical analysis reveals
the testing activity to be extremely sensitive to the cost of the test. While prevalence is not
responsive to the cost of testing in a regulated environment, one would expect a strong
annual testing will eventually drive disease from the cattle population (Figure 2). Steady
state values for the state and control variables (Policy 4 in Table 3) indicate that in the
absence of disease producers would market more animals from a larger herd, thereby
increasing their annual revenue by over $520 per year.
'One-off' possum control
The AHB has signalled a commitment to the continued funding of initial vector
control, provided landowners actively maintain these populations at low levels. The
Board envisions that landowners will fund these operations either collectively, or by direct
contribution. While it may be tempting to assume that producers acting independently will
maintain a control program initially undertaken on their behalf, economic theory tells us
that such sunk costs are irrelevant for current (and future) decisions. Exogenously funded
control efforts do not change the basic incentive structure facing an individual producer.
Reductions in the possum population serve only to make individually funded control more
expensive, as control costs are inversely rela.~d to population density This phenomenon
is demonstrated in Figure 3, which compares the timepath for prevalence following a
single exogenously funded control operation to the disease level in the baserun.
Trajectory for Disease: One-off Control versus Baserun
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VII Sensitivity Analysis
The results of the numerical work presented above are dependant upon the
assumed values of the parameters driving the model. Of particular concern is the lack of
data to support estimates of the disease transmission coefficients, both within and between
species. Optimal control and marketing responses were therefore simulated for ceteris
paribus variations in the transmission coefficients away from their base levels, focusing
specifically on the relationship between prevalence and the probability of disease
transmission. Results from the numerical work are summarised below.
5.7.1 Cattle-Cattle Transmission Coefficient
For the parameter range considered, the model predicts that when testing is
enforced prevalence will increase exponentially in response to increases 13, (Figure 4).
This parameter reflects the probability of effective contact between infectious and
susceptible cattle. It would appear, therefore, that judicious management of stock that are
suspected of being tuberculous may have a major impact on the resulting level of disease
within the herd.
Possum-Cattle Transmission Coefficient
The model predicts that enforced testing will eliminate disease from the herd if 132
= 0 or if 132 is extremely high. The former case is equivalent to policy 4 in Table 3, and
In the simulated 'one-off' control scenario prevalence is initially driven below the
base level, but it climbs to the steady-state level reached in the base run relatively rapidly.
This is hardly surprising, as none of the parameters which dictate the steady state values
for the state and control variables have changed. Removal of the dispersion flux terms
does not change the qualitative results of the model, it simply takes longer for the
controlled population to recover. In either case the producer-funded harvest rate is
increased smoothly to the original steady state level. These results suggest that the
Animal Health Board should not expect individual producers to maintain possum numbers
at low levels following collectively funded control activities if such control was not
optimal prior to any initial reduction in the pest population
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Cattle-Cattle Transmission Coefficient
was discussed previously. At relatively high levels of inter-species transmission (132 ~
0.045) disease is completely eliminated ·from the herd with annual testing as producers
harvest enough to break the cycle of transmission between possums and cattle, and they
are forced to test every period (Figure 5).
VIII General Policy Conclusions
The Animal Health Board is attempting to identifY policies which encourage producers
to participate more actively in the disease control process, and ensure that the costs of
managing Tb in New Zealand are borne by those who benefit most directly from them (AHB,
1995). Balancing these two goals is likely to be a difficult task. Economic theory implies that,
in the presence of 11 production externality, market signals may not prompt individuals to
maintain a socially desirable level ofcontrol Many of the policies which encourage a higher
level of testing activity will, by their very nature, involve price signals that differ from those
reflected in the market. Choosing an optimal policy mix in such a biologically and
economically dynamic environment is a difficult task.
Two policies currently under consideration by the Board involve eliminating reactor
compensation and implementing a 'user-pays' system for tuberculosis testing. Numerical work
indicates that compensation payments have a substantial impact on the implicit value ofa
tuberculous anima~ effectively giving producers a false impression ofthe value ofinfected
stock. More specifically, eliminating compensation payments under the current enforced
testing regime implies a negative marginal value for infected cattle and encourages producers to
reduce prevalence by increasing their possum harvest activities. Given the current regulatory
envirunment, therefore, the first policy has a desirable outcome from the Board's perspective.
Simulation results indicate that increasing the variable cost of the tuberculosis test will have no
impact on the steady state level of prevalence when annual testing is enforced. The major
effect of such 'a policy will be to transfer the cost of testing to those who use the service. Once
again, under the current regulatory environment the proposed 'user-pays' strategy is desirable
to the extent that it makes the cost of testing far more iransparent.
It is important to note, however, that an important economic trade-off may exist
between accurate market signals on one hand and individual compliance with the testing
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progranune on the other. While non-compliance can not be explored with the current model
specification it is clear that when testing is a choice variable the optimal response to a decrease
in compensation and/or an increase in testing cost is to reduce the level of testing activity
Strategic behaviour when there is some uncertainty about the enforcement ofannual testing
requirements is an interesting area for further research.
Table 2 Summary of steadystate values for key variables
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Variable 1 2 3 4 5
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Herdsize (hd) 231 229 228 233 231
Cattle Marketed (hd) 83 83 83 85 83
Harvest Rate 2.16% 3.61% 2.16% -- 2.16%
Possum Densitv IPI (hd/ha)] 2.84 2.73 2&4
-- 2.84
Possum Densitv IP2 (hd/ha)l 1.92 1.67 1.92 -- 1.92
Annual Revenue ($lha) $27.44 $2733 $2723 $2776 $27.44~
(j,J 1) Base values for parameters: 2) No reactor compensation; 3) "User Pays' for testing; 4) Elimination
of disease reservoir; 5) "One-<>ff' possum control.
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Under the assumed values of the parameters, the only policy scenario evaluated
which resulted in the complete elimination of disease involved enforced annual testing
combined with an exogenous elimination of the wildlife reservoir2 Unfortunately,
recovery of the possum populations through a combination of immigration and
reproduction makes this strategy extremely costly and difficult to achieve.
Ministry of Agriculture and Fisheries (New Zealand) Surveillance. 21 (1994).
New Zealand Meat and Wool Board's Economic Service. The New Zealand Sheep and
BeefFarm Survey. Wellington, New Zealand. Various Issues.
2 Sensitivity analysis indicates that disease may also be eradicated from the catlle herd when the
probability of transmission between possums and cattle is extremely high
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ABSTRACT
This paper examines the role of credit in alleviating rural poverty in Nepal. A socioeconomic
survey was conducted in 1994 in Gorkha and Kapilvastu districts covering 81 households, 24 credit
groups and II field workers. Findings from the study revealed that a development programme
with credit as the dominant instrument has a limited role in alleviating rural poverty in Nepal.
Borrowers who have better capital and a human resource base are more likely to benefit from such
a programme. Success of the programme is also governed by ethnicity and geographical locations
of the intended beneficiaries. Sustainable group fonnation and coherence in programme beneficiary
groups also detennines the success of a credit driven poverty alleviation programme in Nepal.
INTRODUCTION
. Nepal ranks as one of the poorest countries in the world with a per capita gross national product
(GNP) of US$170 and an average life expectancy of 52 years (The World Bank 1992, Table I).
The infant mortality rate (117) is the highest in the South Asian region and higher than average for
all low income countries. In 1990, agriculture accounted for 60 per cent of GDP and food alone
was estimated to comprise 57 per cent of total household consumption (Ref!). Only 2 per cent of
total household expenditure was spent on consumer durables (The World Bank 1992, Table 10).
At the current annual rate of population growth (26 per cent), and the projected annual population
growth rate for the period 1990-2000 (25 per cent), Nepal will have to accommodate 24 million
people in the year 2000 and 37 million in the year 2025 (The World Bank 1992, Table 26).
About 90 per cent of Nepalese people live in rural areas, however, net cultivated land accounts for
only 20 per cent of the total land area, with very limited scope for expansion (Asian Development
Bank 1994). Limited off-fann employment opportunities have forced the agriculture sector to
continually absorb the increasing population. This trend has led to a long-term decline in the
average size ofmralland holdings in Nepal, but little change in agricultural productivity.
Rural poverty in Nepal has been characterised as "both extreme and widespread." A World Bank
study (1990) reported that approximately 40 per cent of the population live in absolute poverty.'
The same study also confinned that the estimate of absolute poverty would have been much higher
Absolute rural poverty was based on a narrow definition adopted by National Planning Commission.
as an income less than that required 10 purchase the minimum bundle of calories on a daily basis.
(71 per cent) if a more widely accepted international definition of absolute poveriy (per capita
income ofUS$150 in 1989) had been used.
Many economic, social, and technical strategies have been designed and adopted to alleviate rural
poverty in Nepal. A large number of international and bilateral donor agencies have been involved
in this mission. A widely accepted strateb'Y has been the use of credit as an instnllnent to alleviate
rural poverty. A number of poverty alleviation programmes with credit components are
operational in Nepal, including five large scale rural credit programmes'. All five programmes
focus on smallholder and disadvantaged clientele groups, and four of five programmes (except the
Intensive Banking Programme) adopt lending via groups rather than individuals and require group
joint liability
This paper describes an assessment of the impacts of the Production Credit for Rural Women
(PCRW) project, a rural credit delivery programme designed to assist economically disadvantaged
rural women and alleviate rural poverty in Nepal. The analysis is based on a rapid diagnostic
survey. The analysis of the PCRW project is interesting because it is (i) similar to other credit
driven poverty alleviation programmes, (ii) the project is meant to target the weakest segment of
the rural population (women), and (iii) the project has a wider political appeal among the bilateral
and multilateral donor agencies' .
PRODUCTION CREDIT FOR RURAL. WOMEN (PCRW) PROJEC.
The Production Credit for Rural Women (PCRW) project, implemented since 1982, aimed to
increase the income of poor rural women thereby enhancing their status in society and improving
the welfare of their families. This would be achieved through a combination of credit leJr income
generating activities, training, and community development related activities (International Fund for
Agricultural Development, 1983). The project design included three broad components:
production activities, institutional support, and community development. Production activities
were defined to be (i) on-fann (livestock and crop production, irrigation by hand pump and
tubewells), (ii) off-fann (microenterprise activities), and (iii) community irrigation" .
Staff from the Women Development Division of the Ministry of Local Development promote the
fonnation of women groups each consisting of four to eight members. They assist with the
fonnation of women credit groups and economic enterprise selection. They also recommend loan
Characteristics of these five major crcdit delivcry programmes targeting povcrty allcviatioll havc been
summarised in Appendix I. It is too early to measure the impact of Micro-Enterprise Credit Project,
implemented under Asian Developmeut Bank assistance in 1993, and thlls il is not covered. Also.
there are several small-scale schemes operated by local NGOs. but their impacls have nol been
documented.
There are currently 12 donor agencies involved in Ihe project.
The international Fund for Agricullural Development (IFAD) is the major donor agency supporting
this project in Nepal. IFAD provides subsidised credit to His Majesty's Govenlllleilt of Nepal which is
disbursed to project beneficiaries through branches of commercial banks. Women Development
Division of the MiniSlry of Local Development implements the project with the assistance from
participating commercial banks and support agencies.
~
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disbursements to credit groups ITom the participating commercial bank branch offices No
collateral is required for loans of up to Rs 10,000 because the women groups themselves serve as
joint collateral. Thus, if any member of the group is unable to repay her loan, the onus of
repayment rests with the remaining members of the group.
CONCEPTUAL FRAMEWORK
The conventional argument has been to provide access to credit facilities to allow the purchase of
inputs that are deemed appropriate for increasing productivity. Mosher ( 1972) viewed the role of
agricultural credit as an accelerator to productivity growth and von Pischke (1987) argued that
credit was critical to agricultural development when (i) fanners lacked purchased inputs and he/she
was unable to generate domestic savings, (ii) the purchased input was available only in a large
indivisible quantity, and (iii) there was a long lag period between investment and the beginning of a
cash flow from the investment.
On the assumption that adoption of a new technology, or a set of new technologies, shifts the
production function upward, a number of studies have shown a positive association between credit
availability and the adoption of new technologies (Scobie and Franklin, 1977; Bourne, 1983;
Begashaw, 1980; Rauniyar, 1990; Krause et aI., 1990). Thus, credit use increased both
productivity and farm income. Lipton (1976), on the other hand, noted that small producers' first
priorities in using credit were to meet family consumption requirements and to minimise risks. It
was only after these needs were satisfied that a peasant fanner could aftord to become concerned
. about credit for production purposes. Lipton's view was partially shared by Feder et al. (1990)
who concluded that about 40 per cent of short-ternl credit for fann investment was diverted to
other purposes. These authors also found that not all farmers were constrained by inadequate
credit in their farming operations. von Braun et al. (1992) arb'ued for credit to be provided to the
poor for consumption purposes and for the stabilisation and promotion of self-employment through
private investment in order to ensure improved food security in growing and diversifying rural
economies.
Experiences ITom the Bangladesh Grameen Bank and other similar programmes have demonstrated
that the poor are bankable (D'Silva and Bysouth, 1992). However, the mixed performance of
different credit programmes targeted at poverty alleviation under varying geo-political, socio-
economic and cultural condition reveal that there is no single successful strateb'Y to alleviate
poverty through credit. The structural composition of clientele groups, project design, opeational
procedures, and institutional capacities have all been associated with variable programme
performance.
At the conceptual level, the author contends that credit, if used appropriately, leads to production
growth through the adoption of modern technologies and that this in turn contributes to higher
incomes for resource non-poor households. On the other hand, the impact of credit may not
necessarily be positive in resource-poor households if part of the credit is diverted towards the
purchase of consumption requirements. The literature does not provide conclusive evidence as to
when credit becomes productive in small and resource-poor households. Field observations in
Nepal support Lipton's (1976) argument that subsistence takes precedence over productive
investment as far as the use of credit is concerned among resource-poor households. Given the
relatively larger family size of these households, coupled with their meagre resource endowments, a
threshold clearly exists under which production credit is not sustainable. This threshold could be
defined as the level of income necessary to support the basic needs (food, clothing and shelter) of
the family. Inadequacies in fulfilling basic needs often lead to malnutrition, undue physical and
emotional stress, and health hazards.
AN EMPIRICAL MODEL
The study was designed to measure the impact of the PCRW project in alleviating poverty among
rural women in Nepal. Ideally, one would like to quantify incremental benefits due to the project
based on income and employment parameters. However, lack of benchmark survey data did not
permit a longitudinal analysis. Furthermore, project-related information on income and
employment at the household level either are not available' or grossly under-rep0l1ed.
The dependent variable
In the presence of the above operational constraints, a cross-sectional model was designed to assess
the impact of the project on the intended beneficiaries. A basic assumption in this study was that
relative increases in the income and employment of the project participants would serve as proxy
indicators of poverty alleviation. Two relative measures of poverty alleviation: increased household
income and employment, due to the project were defined. Project pm1icipants were asked to reveal
their perception of the scheme on income and employment growth. A value of one was assigned if
women perceived that household income had increased compared to the pre-project pal1icipation
stage, and a value of zero otherwise. Similarly, a value of one was assigned if women perceived
they were employed for a longer period of time on income generating activities after participating in
the project, and a value of zero otherwise. Two models, one for income growth (income model)
and the other for employment growth (employment model), were separately estimated.
Explanatory variables
A set of exogenous variables was operationalised to explain relative increases in income and
employment at the household level after project participation. Five measures of household resource
base were used: (i) cultivated farm size in hectares, (ii) number of large ruminants, (iii) years of
schooling (iv) number of working members on fann, and (v) number of household members
working off-farm. A better resource endowed household' was hypothesised to have perceived
increases in household income and employment due to the project. The amount of borrowing, and
number of loan cycles for project activities, represented direct measures of credit impact, and a
positive relationship between these two variables and women's perception of increased income and
employment was expected.
A household with better resource endowment was characterised by a larger farm size. more large
nllllinanls (cows, buffaloes, and bnllock). higher level of education, ·and better employment (both OJl-
and off-farm) of earning members of the honseholds.
A binary variable was employed to capture geo-ecological valiations. A value of one was assigned
if a project participant resided in the Hills and a value of zero if she resided in Terai, reflecting fewer
opportunities in the Hills compared to the Terai zone". Women in Terai region were hypothesised
to have perceived larger increases in income and employment due to the project than women in the
I-Ii lis. Brahmin and Chhetriya ethnic groups' , as evidenced by their more effective communication
ability, were expected to have realised increases in income and employment Irom their participation
in the project than women ITom other ethnic backgrounds A value of one was assigned to
Brahmin and Chhetriya women and a value of zero otherwise. Women's participation in
community development activities, indicated by a binary response variable, \vas hypothesised to
have led to an increase in income and employment of project beneficiaries. Cohesiveness of women
groups was operationalised by two variables: size ofcredit groups and regularity in the contribution
of groups to a savings scheme'. A cohesive group was expected to provide increased income and
employment to women credit members compared to non-credit group members. A minimum of a
nine month contriblltion to a group saving scheme was considered "regular pal1icipation" and was
assigned a value of one, and a value ofzero otherwise.
An additional three general variables (i) age of the project participant, (ii) family size, and (iii)
number of household dependent units were also used. An older borrower was hypothesised to be
relatively more risk averse and less receptive to increased demand for her labour in production
activities than a younger participant. Similarly, a larger fhmily size and more household dependents
was expected to be less receptive to changes foreseen by the project design. All three variables
were assumed to exhibit a negative association with project perfollllance
N E" d~ stlmatloll proce ure
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Dependent variables were recorded as binary responses and this justified the use of either logit or
probit estimation procedures, but for the ease of interpretation reasons the former procedure was
adopted (Madalla, 1983)
DATA
The rapid diagnostic socioeconomic survey was conducted in 1994 in two districts of Nepal:
Gorkha (Hills) and Kapilvastu (Terai) A total 01'81 project beneficiaries (PCRW group members)
were randomly selected for a face-to-face interview ITom a list of participants, available at the
project sites. Women were interviewed at their convenience time using a semi-structured
questionnaire; each interview lasted an average of 30 minutes. Trained women research assistants
interviewed women members in local dialects, which facilitated confidence in respondents and
Hills and Terni are broad geo-ecological zones widely used for agriculiural purposes.
Brahmiu aud Chhetriya ethnic groups are considered relatively beller-orr in terms of their status and
resource endowments compared to othcr ethnic groups.
Rel,'lllarity in group saving schemcs has been found to be a reliable indicalor of group cohesiveness in
other similar projects. for example. the Small Fanner Development Project in Nepal (International
Fund for Agriculiural Development. 1992)
eased data collection. All interviews were 'based on recalls. Resource constraints did not permit
repeat visits to the interviewees.
RESULTS
Infonnation collected ITom the rapid diagnostic survey were edited, tabulated in a spreadsheet and
analyzed using L1MDEP software. Logit regression models were estimated. Descriptive statistics
are reported first, and the results oflogit regression analysis are discussed next.
Socioeconomic characteristics of the survey sample
The summary statistics of t'le sample survey data appears in Table I. Thirty-six per cent of the
respondents believed their household income had increased and slightly more than half of the
women interviewed considered that household employment had increased due to their participation
in income generating activities associated with the project. Proportionately more women in Terai
than the Hills perceived benefits ITom the project.
An average borrower was 37 years of age and only 27 per cent of the respondents were literate_
An average household contained 6.3 members, of which 6.2 members were dependent on
household production for .. _7 Nearly half of the borrowers represented Brahmin or Chhetriya
ethnic groups; the remainder comprised diadvantaged and other ethnic groups. An average credit
group had less than five members and was four years old. Most of the borrowers had participated
in group saving schemes at some point in time, but less than three-fifths continued to participate on
a regular basis. Participation of women in community development activities was low; only one
third of the women reported that they had participated in community development activities in the
project.
Most of the borrowers had partially utilised their loan for indented purposes. Only a few women
had taken out two or more loans. An average loan amounted to Rs 5,018 (US$IO I), and these
were primarily dominated by use for livestock enterprises (goat, buffalo, cow, bullock). The land
resource base of the interviewee households varied widely. An average household in the Hills and
Terai cultivated 0.33 ha and 0.45 ha land, respectively. However, of the 38 respondents ITom
Terai, eight were landless. Hill households possessed more large ruminants than Terai households
(1.9 vs. 1.3). Slightly more than two-fifths of the households members in both ecological regions
were employed on the farm and one-sixth of the household members worked ofr-farm (primarily as
a wage labourer or construction worker).
Collinearity diagnostics
Collinearity diagnostics was performed on the set of explanatory variables that we hypothesised to
explain borrowers' perception about household income/employment growth due to their
participation in the project. Auxiliary regressions were performed, and each explanatory variable
was regressed on the remaining variables (Besley et ai, 1980). The R-square statistics was less than
0.28 in all but four regressions. Collinearity problems were found in a few pairs of variables: (i)
farm size and number of large ruminants, (ii) family size and household dependent units, (iii)
~
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participation in group savings and regularity of group savings, (iv) regularity of group savings and
age ofcredit group, and (v) number ofdependent units and food production self-sufficiency. After
a number of iterations, the number of dependent units and regular participation in groups savings
were retained and other collinear variables were dropped from further analysis.
Impact of the PCRW project
The impact of the PCRW project was measured in terms of two proxy indicators of poverty
alleviation: (i) increased household income and (ii) increased household employment due to
women's participation in the project. In the final analysis, both income and employment models
were subjected to the same set of 13 explanatory variables. Logit regression parameter estimates
are summarised in Table 2. The model McFadden R-squared statistics were found to be 0.34 and
0.31 for income and employment models. The borrower's age variable was not significanto .
Almost 85 per cent of borrowers reported access to credit as their primaly objective for joining 2
PCRW group.
Resource-based variables
All four resource-based variables entered into both the income and employment models were
statistically significant. The results suggest that women from households with larger fann size, and
who had more household members employed on- and off-farm and who were literate, perceived
increased household income and employment due to the project. Households with a larger number
of dependents were less likely to have perceived an increase in income from the project, but did
perceive an increase in employment after joining the project. Thus, households with better resource
. endowments appeared to have benefited more from the project than those with limited resource
endowments. Furthermore, households with more dependents may have experienced a dire need to
generate additional income for subsistence and thus allowed household members to seek low-
paying unskilled employment rather than let family members go hungry
Credit variables
The number of loan cycles did not explain variations in borrowers' perc,-ption about the project's
impact. However, women who borrowed more believed that their pal1icipation in the programme
had led to increased household income and employment Women who had borrowed relatively
larger amounts were also able to set aside part of their loan for subsistence and could employ the
remainder for income generating enterprises. This is consistent with field observations that women
with smaller loans tended to be defaulters, because their circumstances led to partial inappropriate
utilisation of their loan.
Geo-ecological region and ethnicity variables
The difference in perception of the Hills and Terai women of project benefits could be explained by
the fact the Hill population in general face a longer deficit period than their Terai counterpart.
Also, because the Hills region provides fewer economic opportunities to women than the Terai
A quadratic specification or thc age \'ariable was also tried, but it was ronnd to be statistically
insignificanl, and hence it was not included in the finalmodcl.
region, these women may have had to allocate more of their income (including loans borrowings)
to the purchase of food and other consumption goods, including health services.
The ethnicity results support the hypothesis that Brahmin and Chhetriya borrowers relative to other
ethnic groups perceived more benefits, than other ethnic backgrounds, from their participation in
the PCRW project, and suggests that the targeting mechanism for the project \Vas inadequate.
Group coherence related variables
Two variables, group size and regular participation in a group saving scheme, were employed to
capture the impact of credit through groups in the project area. While group size did not influence
women's perception about project's impact on povel1y alleviation, regular pm1icipation in a group
saving scheme was a crucial factor in improving women's perception of the project. Women who
contributed regularly to a group saving scheme had some surplus cash, and were therefore able to
set aside money after their consumption and production requirements had been met to savings.
They were presumably more active in income generating activities, and faced relatively less
economic stress, compared to non-contributors to group saving schemes primarily because of their
ability to meet consumption requirements.
Participation in community development programmes
While the perception of women was that participation in the community development programme
(community forestry, drinking water, adult education, literacy classes, repairs of trails and roads,
school maintenance, etc.) had not increased their income, it certainly increased their employment
opportunities. Women accounted for their time spent on community development activities as
productive activities and viewed this as an investment for their fhture generation.
CONCLUSIONS
The study of a poverty alleviation strate!,'Y amongst rural women in Nepal supports the hypothesis
that households with better resource endowments have benefitted more from the project, than
those with relatively few household resources. The size of loan was important in explaining
benefits from the project. Borrowers from Terai region and Brahmin/Chhetriya ethnic groups also
had favourable opinions about the impact of the project. Group coherence, represented by the
regularity of contributions to a group saving scheme, was also an important determinant of project
impacl.
The findings from the study provide useful information for policy makers and donor agencies
involved in poverty alleviation in Nepal and other developing countries. First, credit as a dominant
instrument for poverty alleviation has a limited role, as borrowers who already have better capital
and human resources are likely to benefit most from a credit driven programme. Thus, the
programme may not have a successful impact on reaching the "poorest of the poor" segment of the
rural population. A different strategy under which social and human capital investment is initially
provided to uplift such disadvantaged groups of intended beneficiaries to a modest subsistence level
would seem to have a greater chance of success once a subsistence level is attained. Production
credit is likely to be used more effectively. Second, the results also call for a location specific
poverty alleviation strategy that accounts for ethnic and geo-ecological variations rather than a
uniform umbrella programme at the national level. Further, a poverty alleviation strategy should
begin from sustainable group formation, based on the need to mutually assist each other in different
aspects of rural wellbeing, rather than credit being the primary objective for group formation.
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Appendix I Characteristics of selected rural credit programmes iu Nepal
a. Intensive Banking Programme (IBP)
The programme is targeted to two c1icntele groups women/men earning an annual per capita
income of (i) less than Rs 2511 and (ii) more than Rs 2511. Commercial bank (Nepal Bank
Limited and Rastriya Banijya Bank) branch offices identify areas and the borrowers individually
approach the banks for loan. Loan can be granted for agriculture, cottage industry or service sector
operation. The maximum ceiling on loan is although very high (up to Rs2.5 million), it is seldom
exercised. The borrowers contribute 10 per cent of the loan amount for loan less than Rs 20,000
and 20 per cent of the loan amount for loan in excess of Rs 20,000. Loan can be rapid in 10 years
and partial or nlll repayment is allowed before the due date. In 1994. banks charged an annual
interest rate of 13-14 per cent. Loan onen requires land and building collateral and it is guaranteed
by Credit Guarantee Corporation. There is no borrower saving scheme in place.
b. Rnral Self-Reliance Programme (RSRP)
The non-governmental organisations (NGOs) or small credit group schemes (SCGSs) are
registered with the government, and they are required to have a minimum of six months of
experience in mobilization of savings and credit programmes. Loan is provided to the groups and
the number of participants in each group is determined by respective NGOs and SCGSs Loan
promotion is undertaken by NGOs and or self-initiated groups and NGOs act as loan agents. There
is no restriction on the purpose of loan, and thus loan is provided for all types of income generating
activities. Groups can borrow fi'om NGOs or SCGSs in the amount up to 15 times the amount in
their group savings. No contribution from the borrower is required. Loan is repayable in three
years with a grace period of six months and full loan should be repaid within the due date. The
NGOs and SCGSs charge an annual interest rate of 8 per cent. No collateral or securities are
required. All group members are required to have a compulsory group savings and amount and
time of savings is decided by respective NGOs or SCGSs The NGOs and SCGSs decide on the
purpose of utilisation of group savings. Savings generated is deposited in a commercial bank, and a
pal1 of it is kept in cash form. Loans from group saving schemes are charged an annual interest
rate of 12 to 18 per cent and are payable in two years
c. Grameen Bank (GB)
Grameen Bank concept is relatively new in Nepal. It has been operational since 1993. Women
from households owning less than 0.6 ha cultivable land in Terai and less than 0.5 ha in the Hills are
eligible to borrow from Grameen Bank. Five women members form a credit group, and prior to
access to credit women are required to undel1ake a 7-days training. Grameen Bank field workers
promote formation of groups and recommend loan. Women are eligible to borrow for any income
generating activities, not exceeding Rs 5,000 per member in the first instance Women members do
not have to contribute any share towards the operation of proposed economic activity. All loans
are repayable on a weekly basis and full repayment is expected in 50 weeks Grameen Bank
charges an annual interest rate of 20 per cent. However, given the weekly repayment structure,
effective annual interest rate well under 12 per cent. Grameen Bank does not seek any collateral,
but the women groups guarantee and undertake loan repayment responsibility as joint liability.
Regular savings by group members is mandatory; prior to loan disbursement, 5 per cent is of the
loan amount is deducted and is deposited in group saving scheme. The women groups decide
modality and the purpose ofgroup saving utilisation. All amounts collected under group savings is
deposited in the bank and earn an annual interest rate of9 per cent. Any amount borrowed fi'om
group saving schemes are repayable in six months.
d. Small Farmers Development Project (SFDP)
Small Farmers Development Project (SFDP) is one of the oldest poverty alleviation programme
operational since its inception in 1975. Small farmers residing in rural areas who have annual per
capita income of less than Rs 2,500 or possess cultivable land less than 0.5 ha are eligible for
borrowing from Agricultural Development Bank of Nepal (ADBN). Small farmers organise in
groups of 5 to 12 members. Staff of SFDP fi'om ADBN promote formation of credit groups and
recommend loan to members in the group. Members of credit groups can borrow for crop and
livestock production, cottage industries, or horticullural activities. Loan processing time is
assumed to take about 7 business days. Credit group members do not contribute towards initial
cost of proposed economic activities. Each member can borrow upto Rs 30,000 from the ADBN.
Short-term loans are repayable within two years, medium term loans in between two and 10 years,
and long-tenn loans in 10 to 20 years. Groups can repay their loan partially or in filII amount
before the due date, however groups having default members do not receive further loan unless
paid in full.
The ADBN charges an annual interest rate of 14 to 19 per cent, depending on purpose ano terms of
loan. A penalty of 4 per cent is added on the overdue loan and a higher interest rate is charged if
loan is found to be misused. Loans under Rs 10,000 do not require any collateral, but any amount
over Rs 10,000 calls for asset collateral. All loans are treated as joint liability born by group
members. Group savings are not mandatory, but groups and members are encouraged to save on a
regular basis. Group can mobilise amounts saved in group saving schemes for production or
emergency needs. Amounts collected in group saving schemes are deposited in bank branch oflice.
Amount deposited in group savings earn an annual interest of 7.5 per cent. Interest charged by
groups on any borrowing from group saving schemes may vary from 12 to 24 per cent per year and
is usually is repayable within one year.
e, Production Credit for Rural Women Project (PCRW)
The project is administered by Women Development Division of Ministry of Local Development
and credit is disbursed by ADBN or one of the two commercial banks (RBB or NBL). Rural
women with per capita income ofless than Rs 2,51 I are eligible to pal1icipate in the project. Four
to eight women can form credit groups, and group formation is promoted by Women Development
Section staff Borrowing is limited to agriculture, cottage industries and service sector, and loan
application processing is assumed to take about seven business days. Like SFDP, women members
can borrow up to Rs 30,000 per person within the group collateral stmcture, and no contribution
from the women members is sought towards the initial cost of investment. Most of the loans are
either short or medium-term in nature. Members can repay their loans fully or partially by the due
date. Annual interest rates ch~rged by the banks vary from 12 to 19 per cent with the loan terms
and enterprise choice. Women groups take joint liability of loan drawn by all members and
livestock loans are guaranteed by Credit Guarantee Corporation (CGC). Women members are
encouraged to establish group saving schemes and members can borrow from such saving scheme
VARIABLE HILLS TERAI POOLED
DEPENDENT tn;~3) (n;38) (n;81)
Reporting increase in income, yes= I, no=O (%) 3R.OO 46.01l J560
Reporting increase in employment, yes= 1,110=0 (%) 45.00 5(dlll 51,(01
EXPLANATORY
General variahles
Age (years) 36.01l JX.OO 3(,.Y4
Family size (number) 6.XO 5.XO (>.33
Household dcpcmlcnt units (numher) (>.30 6.10 6.21
Resource-based \'ariahlcs
Cultivated Illml size (ha) 0.33 OA5 03Y
Large nunim.lnt animals (number) 1.90 IJO 1.62
Literacy (yes; I, no;O), % 30.20 2370 2720
Working members on fann (number) 2YO 250 2.71
Members working olT-nmn (number) 1.10 O.XO (J.W,
Credit related "ariahles
Number of loan cycles 1.15 1.05 1.10
Amount borrowed (Rs) 425X.OIi 5X7').1i1l 50lXA7
GeoMccological variables
Hills(%) 100.00 O.IHI IOIl.IHI
Terai(%) 0.110 10000 IIHIIIII
Ethnicity variahles
Bralunin/Chhetriya (%) 4X.XO 5000 4Y.3(,
Other etlmie groups (%) 51211 50.00 50.(,.j
Community development (CD) variahle
Women participating in CD activities, yes; I, no;(J (%) 3(,50 2X.YO 32.'))
Group cohesiveness variables
Years of group fonnation 00 3.XO 4.07
Group size (numhcr of women/group) 470 4.(,(1 4.65
Women participating in a group saving schcme (%) Y5.JO 73.70 X5.20
Women participnting in group saving scheme on a regular 50.00 66.70 5X
basis (%)
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for any purpose. Amount of deposits in group saving is deposited with the bank and such savings
earn an annual interest rate of 7.5 per cent. Members can borrow from group saving scheme and
are expected to pay 10 to 18 per cent annual interest rate, predetennined by women groups and
amount borrowed from group saving schemes are payable within one year.
Table t. Summary statistics of socioeconomic characteristics
Table 2. Factors explaining borrowers' perception of increases in income and
employment due to their participation in the Production Credit for Rural
Women project, Nepal: logit regression coefficients.
N
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Variahle Unil Income model EIltIJlu)'rncnt model
Age year 0.2'46 11.1541,
(02157) 1(1241)
Family dependent unit no -009S] 11.21151
(OO]SI) (OIl9X7)
Cultivated fann area ha 041D ().,l!J))
IlI.2l1 15) 10211111,)
Literaey 1/11 0.7IS] OAIXI,
(lIAOSX) (017X9)
Working members on limn no 001,4] lI.II')17
(O.()]04 ) (11.11411)
Household members employed 011'.. 111011 no o IllI(, 110612
(0.024')) (O.()]02)
Lo:m cycles no O.O(,(JX O.09IS
(0.OX91) (0.0712)
Amount of loan Rs. 1.4 lSI, 2.7 t)5()
(0.6941) (09S41)
Residenee in the Hills I/O -0.2XS4 -(U542
(0 liS]) (0 IX47)
Brahmin & Chhctriya ethnic group 1m 0.104(, 0.194]
(0034'1) (OOXS4)
Participation in community development activities I/O 0.02111 00427
(OOIXY) (0112 IX)
Size of credit group no -04627 0.2051,
(0.5002) (0 IX71)
Regular participation in a group saving scheme I/O 0.2151 04]27
(00847) (0.199X)
Intercept -1452X -2.1511
(0.505Y) ( 1.1('(,7)
McFadden R-squared 0]4 (UI
Correct prediction (p=O.5) % X2 7Y
Women reporting positive impact of the project % ]7 52
Figures in parentheses arc standard errors.
Source: Rapid Diagnostic Socioeconomic Survcy of PCR W project, 1994
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SUSTAINABLE DEVELOPMENT AND THE UNCERTAINTY OF TIME
Paper contributed to the Annual Conference of the New Zealand Agricultural Economics
Society (Inc.), Blenheim, 30 June/I July 1995
by
Petrus Simons I
Integrated Economic Services Ltd., Wellington
Abstract
The definition of sustainable management in the Resource Management Act 1991 cannot
serve as a guideline for sustainable development. A comprehensive definition is called for.
Such a delinition is derived from philosopbic principles. The difference between tbe present
and the proposeu definition is illustrated in terms of three hasic uncertainties: time, scale and
integrattion. The proposed defimtion entails a social welfare functi m which includes technol-
ogy and the interaction between technical/economic development and the n:alms of physical
things. plants and animals over time.
Keywords: sustainable development, uncertainly, time, management
INTRODUCTION
This paper is the result of a reflection on the Resource Management Act 1991 in tbe ligbt of
the uncertainties involved in the concept of sustainahle management. The uncertainty related
to time is especially considered.
I shall argue that the delinition of sustainable management in tbe Resource Management Act
1991 is inadequate and should be replaced with a much more comprehensive definition which
explicitly highlights the uncertainties implicit in sustainable management. Secondly, even under
the current definition, there is no appropriat~ social fram~work through which the concept of
sustainable management can be made operational. As a result, all we bave is a legalistic proce-
dure. This procedure makes it impossihle to map and manage the uncertainties entailed in sus-
tainable development.
The paper aims at deriving a detinition of sustainahle development from philosophic principl~s
and concludes with pointing to some extensions of the proposed definition.
THE PROBLEM
I. The main purpose of the Resource Management Act 1991 is 10 promote tbe sustainable
management of natural and physical resources. The Act defines sustainable management as
managing the use, development. and protection of natural and pbysical resources in a way, or
at a rate, which enables people and communities to provide for tbeir social, economic, and cul-
tural well-being and for their health and safety while (a) sustaining tbe potential of natural and
physical resources (excluding minerals) to meet tbe reasonably foreseeable needs of future
generations and (b) safeguarding tbe life-supporting capacity of air. water, soil and ecosys-
tems; and (c) avoiding, remedying, or mitigating any adverse effects of activities on the en-
vironment. (Section 5 of tbe Act).
I. I thank my colleague John Lepper for his scrutiny of an earlier draft. Any remaining errors are en-
tirely my responsibility.
2. The danger with this kind of delinition is that it is essentially preservative. As a result, there
is no need to remedy past transgressions, so that they are constantly accommodated. In con-
sequence, OUr physical environment gradually deteriorates in quality, in spite of the Act.
3. A superior approach might be to define sustainability so as to ensure that any use of non-
renewable resources is more than compensated for by the creation of new renewable
resources and that all renewable resource use involves replacement. To make this definition
operable in practice a social welfare function should be formulated to guide relevant policy-
makers.
4. Whatever definition of sustainable management is preferred, uncertainties will have to be
confronted by those involved in the issues of sustainable development. There are three such
basic uncertainties, namely: time, scale/geography and integration.
alTime
5. An industrial process or the use of particular consumption goods which has a damaging ef-
fect on the environment usually starts in a small way. It might take more than a century beli,m
the adverse effects become noticeable, by which time they might be irreversible. It is as if an
unforeseeable and unforeseen externality has reached out from our history to affect our
present and future plans for consumption and production.
6. Sometimes adverse effects are known in advance but because the damage will only become
problematic in the future, no effective measures to counter it are taken. Thus, application of
phospbate and nitrate in agriculture may affect water supplies 50 or 60 years later. Alterna-
tively, a long time can elapse between taking certain beneficial actions and the emergence of
any positive efleets.
7. The role of technical development in interaction with economic development must be seen
as crucial in this temporal uncertainty.
Scale
8. Some environmental problems are of a global or continental nature, IClr instance, the effect
of emilling carbon dioxide on the atmospbere and ozone layer. This offers scope li)r individual
countries to take a "free-ride" by e~joying the benefits without contributing to the costs. It is
also possible for one country to transport noxious gases and poisons via air and water to other
countries.
The possibility of strategic actions to free ride by polluting otbers means that environmental
degradation in one ecosystem can be spread to many others. Unless the dynamics of human
behaviour in relation to all ecosystems is known, such free rides will persist.
The geographic distribution of effects of particular technologies adds another dimension to the
uncertainty of sustainable development. As a result, effective action to ensure sustainable
resource use is a practical impossihility.
Integration
9. Very often environmental problems are tackled on a piece-meal basis. This occurs because
of uncertainty over the e~istence and nalure of the dynamic systems where choices over con-
sumption, production and tecbnology playa role. It is frequently more expedient to be seen to
2
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be dealing with an immediate problem rather than wait for a comprehensive solution. Thus,
Dutch farmers import tapioca from Thailand for use in fodder. This causes excessive soil
acidity and a discharge of ammonia. The authorities have devised a range of measures to
reduce these effects. However, back in Thailand the on-going production of tapioca leads to
the destruction of tropical forests to replace exhausted soils.
PIIILOSOPIIIC CONCEPTS
10. The issues raise<.! by sustainable development sbould he tackle<.! hy means of a view on the
relationships which shape our environment over a longer period of time. This means that we
need a philosophy as a systematic and coherent set of general concepts l')f mapping the ter-
ritory. This map or social welfare function must take full account of the three uncertainties
described above and must allow us to use them in a practical way.
II. I propose to use for this purpose the pbilosopby of Herman Dooyeweerd (1894-1977) and
Dirk H. Th. Vollenboven (1892-1978). The two were hrothers-in-Iaw and together develope<.!
over a ptriod of almost 50 years the philosophy of the law-idea at the Fret University of
Amsterdam. Whilst there is hroad agreement between these two tbinkers ahout tbe general
concepts of this philosophy. there are nevertheless also some important di ffcrences.
12. An important study published by 1'01 and Bril (1992) has documented for the first time
these differences as perceive<.! by Vollenhoven. Since, in my view. Vollenhoven's approach of-
fers a clearer way of tackling environmental issues, I shall set out his hasic view as briefly as
possible.
13. Vollenhoven draws a basic distinction hetween God. His Law, and the create<.! cosmos.
God has called everything into being, as portrayed, for instance. in Genesis I. He remains
deeply and intimately involve<.! in the crealion, especially through His Son. His law and Spirit.
We cannot philosophise ahout Him. We depend on His own revelation to us in His Word.
14. God orders the cosmos through His law. In the cosmos everything is suhject to the law.
The law provides an ordering which guides the development of the cosmos. It is not a sub-
stance alien to it. It calls t,)fth what is, it guides, it regulates, it invites to follow its ways. It
warns when we take a wrong tum. The law is a horder line between God and the cosmos. As
any horder, it separates and it is also something parties on either side have in common. As
Troost has argued the law has a divine and a human side. In Biblical teaching this is captured
by the concept of covenant. Vollenhoven distinguishes three different types of law:
i. The structural law, which specifically sets out the principles which guide the functioning and
development of the cosmos; we cannot know this law, except through its effects. What we
do know is that it is valid; it asserts itself; it makes its effects felt; it invites.
ii. The law of love. Man is called to love God with his whole heart and with all his functions
and his neighhour as himself. From outside the creation we hear the call of this Love to do
what is good. In Christ this law has been fulfilled to the utmost. Through Him we hear the
call of the gospel as a new commandment.
Neither the structural law nor the law of love change with the passing of time, because the law
is ahove the cosmos and hence ahove time. The law and that which is subject to it do not
coincide. This precludes the idea of determinism.
iii. The positive law. As office-bearer man bears responsibility for other people and other crea-
tures and carries out this responsibility by stating and re-stating norms whicb regulate and
shape the life of communities and institutions either for good or for evil. Clearly, time is in-
volved in the shaping of this positive law. The office-bearers will have to exercise their of-
fice with reference to the way the world works according to the structural law and in he
light of the law of love. Inevitably, they get things wrong. Mistakes are not always recog-
nised. There is no scope here for moralism. In Christian thinking, it is emphasised that
Christ has fulfilled the law to the point of being nailed to the cross. As Dietrich Bonhooffer
stressed. this should lead to an ethic of imitation.
15. Although as human beings we function in a large variety of ways, we have an inner con-
centration point which the Bible calls heart. The heart of man is pre-functional. It guides the
way we function. It is with our heart that we believe and choose good or evil. Our functions
can he directed towards good or towards evil. This depends on the choice made in our heart.
16. Within the cosmos. basic distinctions are:
modalities;
things, individual entities;
realms of things, plants, animals, people;
genesis, history;
17. Modalities are fundamental modes of being. Things are either this way or that way. Onen
adjectives we use point to such basic modalities. Something is economic, beautiful, technical,
social, etc. They cannot be construed as aspects of each other. They are mutually irreducible to
each other. Even if we try to reduce everything to economics or mathematics, the suppressed
modalities will assert themselves sooner or later. Nevertheless, they are also closely related to
each other through a set of analogies. Modalities are intangihle. We observe them as ways in
which things or plants or animals function.
18. Things and individual entities such as States, husiness enterprises, chairs. horses and so on.
are such and such. We refer to them by using nouns. They function, however, in all modalities.
They display all modalities in a particular way.
19. The whole of the cosmos is in time. Time expresses itself especially as change or genesis of
the various realms which are ordered in time. Since the modalities are not l<lUnd in tangible
form but are ways in which realms and things express themselves and function, time will also
have specific modes. In the biotic sphere, for instance, time is expressed as a relationship of
descendence (Stalleu, 1989). In the analytic one. premisses come earlier than the conclusion
(Popma).
20. The modalities are ordered from lower to higher, such that lower modalities are less com-
plex than higher ones. Modalities are not to be constructed but should be found empirically.
Chart I lists the modalities from less to more complex as used by Vollenhoven in his laler
periods:
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CHART I
LIST OF MODALITIES FROM LESS TO MORE COMPLEX
1. nllTt>er/arithmeticj
2. space;
3. movement/kinematic:
4. physical/energy;
5. biotic/organic;
6. psychic (affectionate/percipient)j
6. analytical;
9. technical;
10. lingual/symbol ie;
11. social:
12. economic;
13. aestheticj
14. juridical;
15. ethical:
21. The moualiti~s c()rr~sp()ntl to functions in human lift:. In human life. there is a distinction
between the functions/modalities up to and includin!, the psychic function and all those follow-
ing. The former are such that we can do lillie about the way they function. Once we put food
in our stomach, organic and chemical processes take over. The latter. howev~r. depend on the
decisions humans make about them. We design things, we make logical distinctions, we act so-
cially, economically, legally, morally etc. For this reason, the basic principles to which they
refer are called norms.
22. It should be emphasised that human oftice bearers must find their way by trial and error.
History shows that when people get something awfully wrong, corrections may occur in later
periods. Such corrections may take the form of revolutions or gradual adjustment. There is a
basic brokenness in human life as a result of which this trial and error process is very difficult.
Christians believe that the basic/original norms keep inviting us to do good rather than evil.
For example. human life is impossible to understand without a notion of justice, no matter
how dimly understood justice is. Various aspects of justice may be repressed or forgotten in
history. At times, historic research brings them to light again and so enriches human life
through a renewed understanding of justice. The Origin or Law always asserts itself (Smit,
1987).
23. It is necessary to state here that human office-bearers are also called to protect things,
plants and animals against misuse and abuse.
24. Each modality refers to all the others, either by pointing backward to the less complex ones
or forward to the more complex ones. Analogies which refer hack are called retrocipations and
those pointing forward are known as anticipations. Each anticipation or retrocipation. in turn,
refers forward and backward to all the other modalities as well.
25. In reformational philosophy the subject/object relationship differs from most other
philosophies. The latter tend to identify human beings as subjects who study or use objects. In
the former, things, plants or animals can be subjects. A number is a subject in the arithmetical
sphere. A triangle is a subject in both the arithmetical and the spatial modality. A tree is a sub-
ject in the biotic modality.
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26. Things have object functions inasmuch as they are needed by subjects in realms which are
of a higher temporal order. Thus, birds, insects, mammals etc. require the use of plants. This
means that plants have an object function in the realm of animals.
27. There is a very large number of object functions. For example, a child throws a ball,
sprinkles a plant and plays with a dog. In technical/economic life, metals are mined or
fashioned. plants are bred, animals are husbanded or converted to meat. chemicals are mixed,
milk solids are processed into milk-powder and cheese and shipped and sold overseas, using
market prices.
28. Thus, things, plants and animals have analytical, technical, lingual, social, economic, juridi-
cal and ethical object functions.
THE THREE UNCERTAINTIES RESTATED
29. A culture develops harmoniously if people maintain a healthy balance between all their
functions. In practice, however, we are inclined to make one or more functions of much
greater importance than others. Since the times of the Renaissance and the Enlightenment
Western culture has elevated the analytic, the technical and the economic functions to be the
leading functions. Science has concentrated especially upon the physical and mathematical
sciences.
30. Nowadays, technology is appreciated as a means of securing the future. The physical
sciences are applied in technology. In tum, the technical operators are used to further the
development of the physical sciences. This process has reduced the degrees of freedom in
technical development. It has become large scale and uniform, despite the present tendency
toward smaller operators. Crafts and trades which are based upon the fashioning of materials
by people have lost much of their significance. In fact, as Schuurman (1994) has argued the
responsibility for technical development has been shifted from the execution to the design
phase. Employees can only carry out parts of the designed tasks.
31. Business corporations thrive on applying scientific technology by means of capital and
labour. This presents another reduction in degrees of freedom available to individuals and
communities. The trend towards economic and technical globalisation is very much driven by
large transnational corporations. They locate factories where costs (including the costs of pol-
lution) are lowest. They demand employees as required by their technology and market
power. By means of advertising and widespread use of similar objects, consUmers have limited
choice.
32. The altitude of key people in our civilisation is that this system is fine because it brings
progress and higher material welfare. New, as yet to be developed, technology is believed to
solve the environmental crisis that is emerging.
33. The relentless drive to apply scientitic technology, regardless of the consequences (what
can be made should be made), through transnational business corporations is the root cause of
the three uncertainties described above. The use of raw materials changes through new techni-
cal innovations. New technologies change the business environment and production system in
unknown ways. The self-contained world of market prices, production and consumption does
not take into account the v,alue or limits of resources or the pollution and wastes it generates.
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As the system has hecome world-wide we have a prohlem of integration and a prohlem of
scale. The uncertainty of time is hound up with all the unknown effects of applied technology
and the associated unknown effects of pollution and waste.
34. The emphasis on the functional side of life has heen at the expense of securing a har-
monious development of the realms of things, plants, animals and peoples.
35. In many developed countries the Western emphasis upon a few leading functions has col-
lided with cultures which emphasise different functions (the hiotic or social, for instance).
ECONOMICS AND SUSTAINABLE DEVELOPMENT
36. Since the word sustainahle is an adjective, we can surmise that it refers to a modality or
function. This can be no other than the kinematic modality (movement). We can think of no-
tions such as persistence O( continuous tlowing.
37. How does this relate to economics? In Chart I the kinematic modality is the third one and
the e<oonomic one the twelfth. This suggests that the concert of sustainable development must
have elements of each of the 3rd to the 12th modality. In this way we get (for the methodology
see Dooyeweerd Vol. II):
38. Sustainahle development is: a continuous Ilowinl( of the ecunomic value of resources
(physical, hiotic, human) where some resources expire and uthers take their place, uften
throul(h technical interventions. To be uperational, there must he a way of ohserving this
proeess (perception; analysis) on the hasis of a set of clearly understood symhols (sultistics)
within communitil"S \\'hich have stewardship over such resources (sodal), so that the value of
this streum of resources is optimised over time. The psychic modality includes the nntion of
uffection, which is part of the root, of the wurd value. Thus, the value of resources is to he
cherished over time.
39. The process of continuous flowinl( may he accelerated or slowed down (physical analogy)
depending on the perceptions of the responsible ollice hearers, perhaps on the hasis of new
technical innovations or scientific discoveries (analytical analogy), provided the strenm of
value dnes not diminish over time. Such an acceleration may occur, for example, by the ap-
plication of new plant/animal breeding tt'Chnologies. Sustainahle development, as defined is,
therefore, a very dynamic concept.
40. Compared with the definition in the Act (as yuoted above) this is a more complex but also
a more operational definition. The Act relates the potential of natural and physical resources
to the reasonably foreseeable needs of future generations, without stating what such needs are
or what future generations are.
Moreover, the Act does not refer to technology or science or social institutions. Nor are we
told what "adverse effects of activities on the environment" are.
41. 1 he definition as proposed allows for the identification and mapping of the uncertainties
involved in technology and especially in the interaction of economic/technical activities and
the realms of plants and animals. In fact, future: generations of animals and plants are specifi-
cally included in the social welfare function.
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42. The economic modality looks forward to the juridical and ethical modalities. If sustainahle
development is an economic concept, then it should entail a notion of such anticipations. Sen
(1993) has shown how the occurrence of famines is related to sociological/political factors.
Life expectancies in countries which used to he suhject to famines (India, Bangladesh, Sri
Lanka) improved when such famines disappeared under new political regimes.
43. The word development refers to the actions of responsihle office-bearers. By sbaping tech-
nical inventions and using these in factories and other business enterprises to produce goods
and services for purchase by consumers, the technical and economic object functions of
resources are realised. Clearly, if the resources are misused or destroyed in the process, then
their economic ol>ject functions are not properly taken care of.
44. Especially over the past 20/30 years, this process has caused pollution and concerns ahout
the threat to the realms of plants and animals, the physical environment and the danger of
depleting limited stocks of mineral resources, clean air. water and fertile soil. Biodiversity is
diminishing at an alarming rate. Global warming might cause changes in local climates which
are difficult to perceive and assess at this stage.
45. Clearly, recognising the uncertainties and problems of sustainable development does not
eliminate them. All one can hope to achieve is to make a new start. However, in an economic
world in which there are positive rates of interest, the future will always be of lesser value than
the present.
THE WORLD OF PRICES
46. Vleeschhouwer (1949) has argued that both the classical and the neo-c1assical economists
view the relationship hetween man and goods or between man and nature as fundamental to
economic r",t1ity. The older school argues that man must expend labour in order to extract
economic value from nature. The younger school sees the relationship as determined by the
subjective, individual value or utility which individuals get from goods and hence from nature.
47. In both approaches valiant efforts have heen undertaken to derive actual prices (sometimes
defined as ol>jective values) from these basic relationships. However, in an exhaustive review
of the literature on this issue, Vleeschhouwer concludes that this is an impossibility. Subjective
values of goods and services are determined on the basis of prices yuoted in shops and in other
markets. We calculate economically on the hasis of such prices. It is like the balance sheet of a
company. It shows a large variety of items expressed in money values (prices times yuantities).
Yet, the underlying values may differ greatly in technical, economic and juridical terms. Money
values are an instrument for making economic dispositions.
48. Thus, we have a world of prices which are the result of innumerable factors, both on the
demand and on the supply side. This world expresses, amongst other things, the basic values of
the technological/industrial system, briefly characterised above. This implies that the underly-
ing values do not necessarily reflect the proper values of clean air, water, fertile soil, plants and
animals. They tend to reflect only their utility in the technological/industrial production
process. This mayor may not he a proper use of their economic ohject functions.
49. This is one aspect of so-called externalities. If e.cological and environmental values wen~ an
intrinsic part of the world of objective prices, as yuoted in markets, then the direction of the
industrial/technological pr')cess would he changed, in principle.
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50. Since externalities are basically uncertainties; randomly distributed effects of tbe
industrial/technical complex. they cannot be priced. traded or exchanged. Neo-classical ex-
planations of value do not touch upon the problems of the environment. This can only be
achieved if they are quantified in some way so that they can be reduced to risks. It is most un-
likely that this could ever be done in a complete fashion. Attempts to quantification will be
governed by those who have market or political power. This is the significance of having an
appropriate set of social/political institutions to guide the process of sustainable development.
51. Since we are dealing with deep-seated drives in our culture. however. political and
economic actions can only score marginal successes. This can be illustrated. especially. in
terms of the uncertainty of time.
TIME IN ECONOMICS
52. Tim~ plays a pervasise role in economic analysis. One can think of p~riod analysis, business
cycle theory and the role of interest. In a general sense Dieterlen (1964. p.233) described
economic time as consisting of two types of duration. First, "le.t.hnical" periods which refer to
the time required by biological and physical processes as they are activated by production and
consumption. Second. the reaction time of economic subjects (psychological which is largely
subjective. albeit strongly influenced by the social environment. institutional and political fac-
tors. the state of the business cycle. historic contingencies. etc.). Choices made by individuals
will. of course. be influenced by the "technical" periods. They become incorporated into the
economic decision-making processes regarding dispositions over time.
53. Interest rates involve time almost by detinition. In times of rapid technical progress. the
roundaboutness of production pnx:esses may be extended. Assuming that the supply of savings
remains unchanged and that the technical innovations are not capital-saving. the real rate of
interest would increase in response.
54. Goedhart (1947) detined interest as every value differential dependent on a difference in
time. used as a basis for economic calculations. It is a value differential which is a function of
time. (page 9). Present values tend to be valued more highly than future values and this
premium is known as the rate of interest. As a discount rate it represents the percentage per
unit of time required to make a sum of future values equal to a sum of present values.
55. It seems to me that Goedhart has fallen into the trap identified by Vl",,'chhouwer. Interest
rates quoted in financial markets are not necessarily an accurate retlection of the time/value
differential held by lenders or borrowers individually on the basis of their subjective valua-
tions. The interplay of demand and supply in financial markets may result in interest rates
which induce savings and investment decisions which may even be harmful to the environment.
56. Similarly. market real rates of interest should not be identified with the social rate of dis-
count which reflects a community's view on the economic relationship between present and fu-
ture.
57. Lepper/Simons (1993) discusses this issue with reference to non-renewable resources. A
high price of time. as expressed in a high rate of discount by. for example. oil companies.
would imply a premium on a rapid depletion of oil reserves in the present. Stocks of non-
renewable resources would be depleted sooner than with a higher valuation of the future. The
authors suggest that a nil rate of time preterence would imply that the interests of future gen-
erations would be given the same weight as those of the present generations.
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58. Anyhow. even if one manages to formulate a social welfare function including a nil ~ocial
rate of time preference. the market system would still be able to throw up surprises. If. for in-
stance, interest rates rose consequent on an extension in time of the production process,
based on innovations using renewable energy sources. and which would enlarge the supply of
final products per unit of time. then a larger output of non-renewable resources might be
produced at the same time.
59. The factors which influence real interest rates include:
- the rate of technical innovation;
- changes in the marginal efficiency of capital;
- changes in savings patterns related to the ageing of the population;
- changes in the terms of trade;
- changes in wage rates;
- changes in monetary policy;
- changes in fiscal policy.
60. During the 1970s the terms of trade of the industrialised countries fell relative to those of
the OPEC countries as the latter raised the price of oil to protect their oil reserves. Since the
OPEC countries had a higher propensity to save than their clients. savings rose and con-
tributed to a fall in real interest rates. At the same time. the rise in the relative price of oil
stimulated a search for alternative fuels as well as non-Opec oil reserves.
61. In New Zealand real interest rates used to be predominantly negative until the economic
restructuring turned them positive over the past 10 years or so. In conjunction with a high
value of the exchange rate. this may have led to environmentally undesirable consequences as
farmers attempted to increase their output by using marginal or erosion-prone land.
SOCIAL TIME PREFERENCE AND SUSTAINABLE DEVELOPMENT
62. The example from recent New Zealand history indicates that a nation or economic com-
munity has some scope for influencing real market interest rates. We have also seen that such
market rates of interest are not necessarily conducive to long-term sustainable development.
63. In theory it would be possible to work out a social rate of time preference which might be
nil or negative for use in social investment decisions aimed at securing a sustainable develop-
ment of resources. The difficulty is how one would run such a decision-making pnx:ess
alongside a system of market-based interest rates. If investment plans are put into two dif-
ferent categories. distortions are likely to arise. Another possibility is to instruct the monetary
authorities to add an environmental dimension to their policy framework. In practice. this
would only work if there were a substantive body of on-going research and advice available to
guide the authorities. In the absence of specific long-term monitoring and planning institutions
charged with assisting sustainable management. this is unlikely to be available.
64. Nevertheless. under the Resource Management Act 1991 which requires Regional Councils
and District Councils to develop plans for their resource development. private investment deci-
sions have been enriched. in principle, with a social dimension. However. the prescription of a
planning method. without a corresponding set of social/economic institutions to guide such a
planning process is not very meaningful. The process is still very much juridical in nature and
lacking in economic/social institutions.
10
N
Ul
-..l
65. Once such an institutional framework is in place one can consider the use of specific rates
of interest as tools for the development of renewable resources.
UNCERTAINTY AND TIME
66. Before such specific social discount rales are applied. one needs to know how stocks and
flows of resources change over time. Geological/physical/biotic time periods involved in
economic investment processes, as referred to by Dieterlen. mUst explicitly taken into account
in tbe planning process. A few examples may suffice.
67. Geological t'lrmations change very slowly and, from time to time. cataclysmically. As a
geologically young country. New Zealand must take note of this fact in its planning processes.
This may take a number of forms, such a~:
- ignore, h&ause earthquakes. volcanic eruptions amI earth slips etc. aTe unpreJ.ictahle and
part of living in New Zealand:
- ohserve amI prepare contingency plans:
- develop specific technologies of ohsavation and exploration which are exportahle;
- set aside the most dangerous areas as national parks, as presently done;
exploit geological deposits such as gold and hot water to the utmost, because a major
geological event in the future would hring new deposits, assuming New Zealand would still
exist;
- keep the population as small as possihlt:' and disperseo through the counlry rather than con-
centrated in a volcanic field such as Auckland (this would imply a particular investment
strategy).
68. Similar points can he maoe with respect 10 stocks of water and air anti the capacity of
ecological systems to ahsorh and dispose of wastes. In all cases, it is necessary to develop
measurements of how the stocks and flows concernoo are changing ovt:r lime. The crisis in
electricity generation in 1992 when hydro-lakes fell to low levels as a result of a drought and
the Auckland water crisis of 1993/94 demonstrated a lack of foresight on the part of planning
authorities. By drawing up maps of the natural stocks and flows and models of how they
change as a result of technical, economic and social processes, uncertainty can he nxluced and
managed. Management may require changes in usage through Government regulation as well
as the use of economic instruments such as the use of specific rates of time preference.
69. In the realms of plants and animals the development of sustainable management is even
more difficult than in the physical/geological spheres. Here we are confronted with the effects
of reprouuctive technologies which have been reducing animals to purely economic objects.
Rather than cnring for animals as animals which includes developing their economic ohject
function, they are bred nowadays by selecting only those features which enhance their
economic utility. This introduces long-term uncertainties which are as yet unknown. Changing
this attitude is not easy and cannot be achieved by means of economic techniques. Primarily a
change of heart is called for.
II
CONCLUSION
70. Sustainable management will always be management under uncertainty. Uncertainties re-
lated to time can only be reduced through a process of careful mapping of resources and how
they change in interaction with technical and economic activities. Such maps may provide data
for decisions by responsible social communities on the use of regUlations and/or economic in-
struments such as specific rates of interest. In the realms of plants and animals uncertainties
have been introduced through new reproductive technologies which are as yet unknown and
almost impossible to foresee. This raises the question whether the technologies concerned
should not be subjected to some intense questioning.
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ABSTRACT
Farm management teaching and research programmes were established at Lincoln and Massey
Universities during the 1950s and over the ensuing 40 years a distinctive applied teaching and
research programme in farm management has been developed. Between 1950 and 1980 these
developments were associated with an expanding agricultural sector supported by important
technological breakthroughs (e.g. aerial topdressing and oversowing. electric fencing) and
favourable Government policics for agricultural dcvelopment. Events since 1980, both within
New Zealand and in overseas economics, have led to greater economic uncertainty and a
reduced emphasis on farm production in favour of sustainable resource usc, quality
management and meeting consumer needs. At the same time Government support for
agricultural extension to New Zealand farmers has been removed and the relative influence of
the fanning scctor in policy formulation at both regional and national level has declined. These
substantial changcs have created new teaching and research opportunities for farm
management. and its aligned disciplines. Factors that will shape the future development of
farnl management in New Zealand arc discllssed in the context of these changes.
INTRODUCTION
Farm management teaching and research programmes were establi ;hed in New Zealand
at Lincoln and Massey Universities during the 1950s (Pittaway and Plank 1991)
During the ensuing 40 years a distinctive applied teaching and research programme in
farm management was developed, This included extensive use of case study methods
(McRae 1987) and the application of production economics to solve farm resource
allocation problems. These developments largely occurred from 1950-80 in the
context of an expanding agricultural sector supported by important technological
breakthroughs (e.g. aerial topdressing and oversowing, electric fencing) and favourable
Government policies for agricultural development.
Events since 1980, both within New Zealand and overseas economies, have led to
greater economic uncertainty (Mal1in 1994) and a reduced emphasis on farm
production in favour of sustainable resource use (Walker e/ al. 1994), quality
management and meeting consumer needs (Johnson e/ al. 1991). At the same time
Government support for agricultural extension to New Zealand fanners has been
removed (Walker 1993) and the relative influence of the farming sector in policy
formulation at both regional and national levels has declined. There have also been
substantial changes in land-use, with the emergence of the deer industry. the expansion
of dairying and horticulture, and the reafforestation of significant tracts of hill countly
(NZMPB 1993)
These substantial changes have created new teaching and research opportunities in
farm management, and aligned disciplines such as agricultural extension, behavioural
psychology, agribusiness, rural sociology, agricultural systems, natural resource and
environmental economics, and marketing This paper outlines factors already in place
that will shape the future development of the farm management discipline in New
Zealand,
SHAPING THE FUTURE TODAY
Drucker (1964) contended that the future success of a business was largely determined
by management's response to emerging trends and issues. Actions to account for
future events therefore also impact on current resource allocation decisions and hence
business performance, It is now possible to forecast characteristics of New Zealand
farms in the twenty-first century. Farm management researchers, and farmers, should
incorporate this knowledge into their current decision-making, In the future New
Zealand, and international agriculture will be characterised by:
I. Greater interdependence between production, processing and marketing
activities (Boehlje 1993). Computer-based technology will reduce 'lag'
between the market and the farm, and farm production systems will become
more attuned to market requirements. Contract agreements are likely to
become more popular, both as a mechanism to reduce the effects of increased
volatility in market-prices (due to the deregulation of trade and market
practices) and to ensure that supply and quality specifications are met
(Maughan and Wright 1993). Similarly, average pricing (such as for milk in the
dairy industry at present) will be replaced by pricing arrangements that more
accurately reflect the costs of and returns production and processing, but also
to obtain a more uniform supply of product to the market place.
2. Greater demand for fresh wholesome foods and an assurance that quality
standards have been met at all steps of the production-processing-distribution
chain. The public will expect animal products to have been generated by
livestock policies which have acceptable welfare and involve minimal treatment
with non-biodegradable pharmaceutical products.
3, Increased interdependence between political, social and economic groups
within society, The proportion of export earnings from agricultural products
will continue to decline, but there will be greater value adding activity within
New Zealand (e,g. tourism and agriculture), Greater emphasis on biophysical
sustainability and ,countryside management and more tightly defined land-use
constraints (Walker el al. 1994), is also a manifestation of this increased
interdependence between sectors of society, This will impact on the placement
and design of farm facilities, and the types of farming activities that can be
undertaken, and will bring property rights into greater prominence, It will also
require the budgeting of farm nutrient inputs and outputs, and more careful
management of water quality, Interdisciplinary (or holistic systems)
Many of these changes are already well-advanced, and given the increased rate of
technology change as the twentieth century has unfolded, they are likely to accelerate
with time. New issues will also emerge quickly. Farm management researchers must
adopt a pro-active role in interpreting, and develop strategies to capture opportunities
in relation to, these changes for farmers and the wider community
I. "to guide individual farmers in the best use of their resources and in a manner
compatible with the welfare of society and,
2. to provide analyses of the efficiency of farm resource combinations to assist
public administration of reS0urces related to agriculture."
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through industry (mainly) and privately sponsored research, but the discipline must also
take a significant role in "public good" .research in areas such as sustainable agriculture,
rural community development and improving the wider public's understanding of
farming and its role in a modern society. Therefore, the twin objectives for farm
management research identified by Heady (1948) remain appropriate viz:
The scope of farm management research can be broadly defined by the life cycle of the
farm business (farmer), the functions of management and the fields of farm
management (Boehlje and Eidman 1984). These are shown diagrammatically in Figure
I. Farm management research should address future opportunities and current
problems within "each" of the dimensions shown. Emphasis should not be placed
solely on current problems, which present funding arrangements tend to encourage, at
the expense of longer-term research to develop strategies to effectively respond to the
changes outlined previously.
A greater recognition of the role, and contribution, of women in agriculture.
More formal recognition of their involvement in management decision-making
(Hurley 1995) will be reflected in new, more inclusive approaches to
agricultural extension and farm consultancy.
Increased competition for Northern Hemisphere markets from pastoral-based
products from Southern America (particularly Argentina and Chile) and South
Africa, and also from restructured agricultural economies in North America and
Europe.
A greater proportion of tertiary educated fanners who will expect, and be able
to discern, high quality management, legal and technical advice. The
emergence of corporate farms (e.g. Tasman Agriculture), and recent trends in
dairy farm purchases (Parker and Rauniyar 1995) suggests that the "owner-
operated" family farm, historically a cornerstone in New Zealand agriculture,
will playa less prominent role in the twenty-first century. The succession of
farm families is threatened by the need for businesses to be enlarged in order for
them to remain economically viable and by the attractiveness of alternative
career opportunities that offer higher earnings and a "better" lifestyle than
farming.
approaches are required to understand and improve inter-sectoral
dependencies; a field of endeavour in which the farm management discipline has
particular strengths.
Significant increases in costs associated with essential services to outlying rural
areas, particularly for roading in districts where significant afforestation has
occurred, but also for electricity and education. This will impact on the quality
of life in rural communities and is likely to contribute to further rural
depopulation and the adoption of more extensive fanning systems in some
districts.
5.
7.
6.
4.
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THE PURPOSE AND SCOPE OF FARM
MANAGEMENT RESEARCH
Management activity
The relative frequency of farm management publications would suggest that research in
this domain has historically emphasised planning, production and finance (Malcolm
1990, Parker et al. 1994). Publications on marketing, the implementation and control
of farm business plans, and the stage of the business life cycle have been much less
The overall purpose of public good research in New Zealand Government is:
"toJoster a sustainable, technologica/~r advanced society which innol'ates and midI'
vallie, e!>pecially to OI··r strong base of hiological productio/1 ". (MoRST 1992)
Farm management research work must also operate within this broad framework It
should provide a private good to the agricultural community, particularly farmers,
Figure I The scope of farm management and potential areas for research,
(Source: Parker et aI, 1994),
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prominent (Boehlje 1993), but as described earlier these fields are now emerging as
substantial issues requiring research as the twenty-first century is approached. For
example, both sustainable farming systems and quality assurance require procedures to
be documented, followed and monitored (i.e implementation and control functions of
management); the progression through the farm business life cycle impacts on
technology adoption and the responsiveness of management to change, and marketing
is becoming more dependent on effective negotiation strategies and information
technologies as economic regulations are reduced.
The farmer and farm family has also emerged as an area where more research is
required. Some of the reasons for this were outlined in the previous section. The
Farmer First (McRae et al. 1993), and other research programmes (Valentine et al.
1993), at Massey University are attempting to develop methods to formally
incorporate knowledge about farmers' goals, personal circumstances and on-farm
constraints into the setting of priorities for research expenditure and the development
of effective technology transfer programmes. AgResearch staff are seeking to gain an
improved understanding of the effect of fanner attitudes and beliefs on technology
adoption (Paine 1993, Parminter 1994) Other research is focusing on understanding
of the intergenerational transfer of farm assets (Keating and Little 1991, 1994; Lynch
1995), which is particularly relevant to the ageing population of sheep and beef cattle
farmers (current average age around 48 years (Walker et al. 1994». The transfer of
farm assets is also important in the dairy industry, which by contrast, enjoys a relatively
young population of farmers (ca. 39 years (Parker et al. 1992». However, notable
changes in the size of dairy farm businesses and sharemilking agreements, high land
prices and the emergence of large-scale corporate farming are all impacting on the
ability of young people to enter the industry (Parker and Rauniyar 1995).
Demographic changes in the farming population and other sectors of the rural
community could significantly affect the way that agriculture responds to the new
opportunities created by the twenty-first century.
Perhaps the most challenging area in which improved understanding, and research
methodology required is human behaviour in management decision-making under
uncertainty. Decisions in agriculture are made to achieve target outcomes subject to some
uncontrollable variables (e.g. weather, markets). Decision behaviour is a function of an
individual's attitude and belief concerning factors associated with the decision, plus the
subjective (or social norm) influence on behaviour. Study in this area has largely been the
domain of behavioural (and social) psychologists, but some notable farm management
research has been reported in this field. For example, Anderson et al. (1977) accounted for
the risk dimension in farmer decision-making, and Saunders and Townsley (1991) mapped
farmer attitudes and beliefs in relation to livestock management for high performance.
Others (Reid et al. 1993, Gray et al. 1993) have adopted a more qualitative approach to
describe the impact of farmer circumstances and their goals on decision-making,
particularly in relation to technology adoption. The results from these studies of 'human'
behaviour indicates that further synergy can be captured between farm management and the
disciplines ofbehavioural and social psychology.
An improved understanding of farmer (and other actors in the agrifood system) decision-
making behaviour would bring considerable benefits to agriculture First, education
programmes could be tailored to match the learning styles of farmers (and other actors in
agriculture). Information technologies, such as expert systems, could help to facilitate
effective education programmes to improve management decision-making and the adoption
of its application. Second, it should be possible to quantifY, and then harmonise,
discordances between the evaluative attitudes and beliefs of the actors involved in the
biophysical and socioeconomic dimensions of agriculture. This is an especially important
challenge to the implementation of sustainable agriculture where attitudinal changes are
fundamental to the adoption of sustainable management practices (SCA 1991).
THE STRATEGIC RELEVANCE OF FARM MANAGEMENT
It could be argued that the circumstances now confronting New Zealand agriculture
requires farm management research to take a more prominent role in national
development than at any other time since the discipline was introduced at Massey and
Lincoln Colleges in the early 1950s (Pittaway and Plank 1991) The changes identified
earlier which involve issues such as prioritising the socio-economic and biophysical
development of agriculture, quality assurance of production processes, animal welfare,
risk management in a deregulated economy (and "freer" international trade), and
improving our understanding of the "people" component of agriculture (Cameron
1993) are examples of issues which are fundamentally management-based. They
therefore require a management response. Further, while the quantitative research
methods developed within the discipline of farm management during the 1940-80 era
(Malcolm 1990) will continue to have a role in resource allocation decisions,
qualitative and participatory research techniques, now used quite extensively in limning
systems research (Doorman 1990, Simmonds, 1985), will have to be applied more
extensively if outcomes acceptable not only to the farming community, but also to
society and Government (in the case of PGSF research), are to be achieved.
Improving production efficiency must remain a topic of farm management research,
because key input resources will continue to be scarce and overall world demand for
food continues to grow (Dillon and Anderson 1990). However, the emphasis of
research in most developed economies has already shifted from a strong focus on
production to sustainable growth and the establishment of coordinated supply
relationships, improved quality and integrated community development (Lyson and
Welsh 1993). These are areas where New Zealand based research is required, and
where farm management specialists have an important role to play.
CONCLUSION
The future development of agriculture in New Zealand provides excitlllg new
challenges to farm management researchers. These challenges have been precipitated
by the international emergence of issues such as sustainable farming, quality assurance,
less regulated internatiortal trade and the demand for more effective technology
transfer and usage of scarce research funds. By their very nature, resolution of these
issues require a management and inter-disciplinary research approach to be taken.
Changes in the way Government funds are allocated to research have also created
opportunities for farm management research. While the allocation of public good
research funds in Zealand remains strongly disciplinary-orientated, there is an
increasing realisation that the attainment of several critical research output goals (e.g.
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sustainable land management) will require a more integrative research approach with a
stronger management orientation. In the meantime, farm management researchers need
to respond to the challenge posed by the rapidly changing setting for agriculture by
ensuring that both personnel and technical competence are developed to take up the
new opportunities, and by developing effective network linkages between the various
sectors and stakeholders in agriculture.
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A Review of High Country Production and Performance from 1967 to 1995 with
Particular Reference to Changes in Nominal and Real Product Prices and the
Government Policy Framework which Affected Farmers over the Period.
Peter J. Jarvis, Agricultural and Resource Economist, I.andcare Research I.td, Alexandra.
Rob M. Davison, Director,. Meat & Wool Boards' Economic Service, Wellington.
1. INTRODUCTION
This paper reviews the financial and physical performance of New Zealand's South Island
high country farms since 1966/67, a period of almost 30 years.
This period has seen changes in high country farming which have included land
development and an increase in livestock numbers, variation in wool price and the
deregulation of farming in the mid 1980s. Historically, Government policy included
periods of support and stabilisation of farm incomes, specific policy measures to
encourage land development and the increase of livestock numbers followed by the
deregulation of the economic environment after 1884.
The paper uses the NZ Meat & Wool Boards' Economic Service data for the Class 1
High Country Farm to examine the production and performance trends of high country
farms with particular reference to changes to nominal and real product prices over time
and the Government policy framework affecting high country farming over the period.
2. GOVERNMENT POLICY
Pastoral leases:
The 1948 Land Act marked a milestone in high-country tenure. It gave the holders of
pastoral licences and lessees under certain other tenures the right, on expiry, to be
offered a pastoral lease for a term of 33 years with perpetual rights of renewal, but no
rights of freehold. (Gregan, 1971)
Pastoral leases, some 370 in all, cover approximately 2.5 million hectares of the New
Zealand South Island; mainly in Otago, Canterbury, and Marlborough on 308 properties.
The 1948 Land Act made provision for ... the pastoral occupation license. This licence
could be for any term up to 21 years but carried no right of renewal (Gregan, 1971).
This form of lease had the objective of encouraging voluntarily the retirement from
pastoral use of class VII and class VIII land; in return the runholder received subsidised
assistance from the catchment authority to develop lower land in exchange for the
gradual withdrawal of stock from higher areas.
The Land Amendment Act of 1970 allowed for the review of pastoral lease rentals at 11
year intervals with the fir«t renewals under the act occurring from 1981 (after the expiry
of the first 33 year leases).
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Land nevelopment:
Under the Soil Conselvation and Rivers Control Act 1941 grants were made available
to promote soil conservation by providing, through catchment authorities, assistance to
farmers willing to combat or prevent soil erosion or flooding.
A comprehensive farm plan approach was initiated in 1959 and formalised for pastoral
leasehold high country in 1964 (Soil Conservation and Rivers Control Council, 1964)
when procedures were established for plan preparation, (Kerr & Douglas, 1984)
In 1987 encouragement to increase stock numbers was to take on a new meaning. The
Land development Encouragement Scheme (LDEL) and the Livestock Incentive Scheme
(LIS) were designed to induce farmers to increase stock numbers. In the high country
this created competition between Catchment Boards and MAF (who administered the
LDEL and LIS). To the bewilderment of runholders, the two institutions clamoured for
clients and much of the previous management advice was undermined. Development
became almost unavoidable, with an intoxicating mix of public funds and new
technologies (Ogle, 1993)
Local Body Administration:
Since 1987 there have been major reforms in public administration together with the
passing of the Resource Management Act in 1991. The prevailing high country policies
of the former agencies have been carried over to the new regimes, namely: the Regional
and District Councils.
The Land Settlement Board was abolished and it is remains the responsibility of the
Commissioner of Crown Lands and Land Corporation Management Services Ltd to
maintain the intent of the Board's policy (1984) with public participation in their
management of Crown pastoral land. (Kerr, 1990). This includes the facilitation of the
Tenure Review process on behalf of the Crown.
Forestry on Crown Land:
The former Land settlement Board interpreted the Land Act 1948 as containing
legislative constraints to the planting of trees on Crown land held on lease or licence ...
It was the opinion of the Board 'that large scale commercial afforestation proposals are
inappropriate on pastoral land' and that the land concerned be surrendered from pastoral
lease and a special lease (under S67) be obtained... The policy on tree planting on Crown
land explicitly restricts forestry, In the high country further restrictions and disincentives
apply in spite of the fact that legislation expressly permits afforestation on pastoral
leases. Landscape, soil disturbance, and othet environmental safeguards are taken into
account in the policy. (Kerr, 1990).
3Pest Control Policy:
With the introduction of the Rabbit Act in 1955 the taxpayer took on the cost of rabbit
control with the establishment of the Regional Pest Boards and continued to do so until
1989.
From 1 November 1989 the administration of agricultural pests and noxious plants
became the responsibility of the regional councils after the review of local government
in the late 1980s. An integrated approach to land management is intend to result.
In 1989 the Government introduced a $30 million Rabbit and Land Management
Programme which terminates at the end of July 1995; after this period all cost of pest
and noxious plant control will be funded either through rating or by the councils
requiring the landholder to undertake control on a user pays basis. This may have severe
financial implications for high country farnJers as they move into a situation whereby they
may be required to meet all the costs of pest control, particularly Rabbits.
Commodity Price Support 1978 to 1985:
In 1978 the Government exchange rate policy intention was "to manage an overvalued
exchange rate to provide incentives to exporting industries". The Government also
introduced in 1978 the Supplementary Minimum Prices Scheme (SMP) to provide
tv guaranteed minimum prices to farmers for wool meat and dairy products to provide
~ confidence to farmers to increase livestock production.
The SMP scheme prices were above the existing Meat Income Stabilisation scheme
introduced in the Meat Export Prices Act of 1976 and administered by the Meat
Producers Board. Similar schemes were in operation for wool and dairy products.
SMP payments were made on meat from 1981 until 1985 and for wool from 1982 until
1985 when the scheme was terminated. Payments were also made from the Meat Income
Stabilisation Account and Wool Stabilisation Account during this period.
Mid way through this period in 1983-84 wool prices received an 8.4 per cent
supplementation from SMP's and 0.03 per cent from the grower funded minimum price
support scheme. For export lamb the Meat Industry Stabilisation Account (MISA)
added 17 per cent to the market price and SMP's added 45 per cent to the market price.
The SMP scheme ceased in 1984 with a phase out mechanism in place for the meat
export year to September 1985. The Meat Board administered Meat Stabilisation
Scheme also ceased to operate.
Interest Rates
In 1978 the Land Developmellt Encouragement Loan (LDEL) was introduced and
managed by the Rural Bank for qualifying land development. In most cases the rate of
interest for these loans was 7%, some 4-6 percentage points below commercial lending
rates. Subsidised loans were also available under the Livestock Incentive Scheme (LIS).
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Rural Bank first mortgage rates were of the order of 9% in the early 80's. The Bank
was the major lender to the rural sector over the period prior to the sale of the Bank to
the private sector in August 1989. The Rural Bank was not, however, a lender of
seasonal finance.
Rural Bank interest rates were sir.nificantly lower than commercial lending rates from
1978 to 1987. From November 1984 the Government increased RBFC interest rates
progressively to market rates. In 1988 commercial rates applied to Rural Bank loans and
in the last few years of the period to 1990 loans to the farm sector rose above the rates
for other sectors.
The rates charged to farmers for overdraft facilities varied greatly between lending
institutions and between farms, depending on the perceived risk to the lender. In some
instance overdraft rates exceeded 30% if clients exceeded a predetermined overdraft limit
set by the lender.
Due to the decline in the rural sector during the latter half of the 80's (after 1985) and
the inability of many farmers to repay debt because of negative (or Vl:ry low) equity, the
Government announced the RBFC mortgage discounting scheme in July 1986 with
applications closing in July 1987.
This scheme kept repayments for most RBFC clients similar since interest rates were
increased to 17.5% but the principal amount owing was discounted. The objective of this
scheme was to encourage other lenders to carry farmers through this period and avoid
large numbers of mortgagee sales by increasing the farmers' equity and giving other
financiers greater security over the farm assets (land, buildings, plant and livestock).
In addition to these measures, farmers were entitled to free consultancy services (through
the Rural Trust) in order to review their financial situation, farming objectives and
management.
A special exit scheme was introduced to enable farmers on non-viable farms to leave
farming and Social Welfare provisions were made more accessible to farmers who were
unable to meet living expenses from their farm incomes.
Other Measures
Other economic liberalisation measures affected service sectors servlcmg the rural
community and, over time, resulted in lower cost services to farmers. The measures
included the reduction of significant tax incentives for farming.
The other measures of significance were:-
• November 1984: Phas,e out of fertiliser and noxious weed subsidies, lowering of
irrigation and water supply subsidies, partial cost recovery of product inspection
(meat).
• June 1985: Ten year c1awback and loss limitation taxation provisions repealed,
land development concessions phased out, livestock standard value system
modified.
•5
July 1986: First year depreciation allowance withdrawn .
6
grasslands.
tv
0'\
00
• July 1990: Abolition of excise duties on diesel and motor vehicles.
3. PHYSICAL PERFORMANCE OF HIGH COUNlY FARMS
Land Development:
Figure 3.1 shows the increase in stocking rate that occurred on high country farms for
the period 1968 to 1992. This data has been collated by the Landcare Semi-Arid Lands
Research Programme for a sample of 187 properties; the figures are indicative of the
change that occurred in stock numbers in the high country.
The graph shows the period over which the major subsidised land development schemes
operated. Most land development ceased after 1984 with the deregulation of the
economy which was undertaken by the Labour Government. The figure shows the rapid
increase in stock numbers which occurred as a result of land development between 1968
and 1985; after 1885 a decline in stock numbers occurred.
In the 1982 Survey of High Country Farming 1960 - 1982, farmers were asked to estimate
the number of stock units they expected to carry in 5 years time. The estimate was for
a 31% increase in livestock numbers by 1986/87. By this time 80% of runholders
estimated that their potential carrying capacity would have been reached. (Kerr &
Lefever, 1984).
In fact stock numbers increased by only 8% by 1982/83 and then declined.
Figure 3.2 shows the stock units by class of stock for the same sample of farms. The
increase that occurred in stock numbers was predominantly ewes and hoggets; wether
numbers increased marginally and cattle numbers peaked around 1975 and then declined
slightly. This decrease in cat~le numbers was a response to the decline in real cattle
prices that occurred from 1974 to 1978 and in part due to the reduced need to retain
cattle to graze undeveloped native pastures. Oversown and top dressed country was
developed primarily for sheep grazing. TIle fact that ewe numbers increased most with
land development is explained by the fact that development occurred primarily on the
lower and mid-altitude country which gives the best response; this land is predominantly
grazed by ewes and hoggets with wethers being relegated to the rougher country and to
higher altitudes during summer.
Diversification into deer and goats occurred from 1984 but numbers in these activities
have remained low subsequently and are insignificant for the Class 1 farm model;
however, on a some individual farms these enterprises are significant.
The decline in livestock numbers that occurred from 1986 may be a reflection of a shift
in farm management policy to increase the performance of ewes and lambs or it may be
the result of a decline in the carrying capacity of land which has not received adequate
maintenance fertiliser and other inputs following the period of land development. The
reduction in stock numbers may also be due to the influence of rabbit population
increases, invasion of Heiracium and the controls put on the burning of the tussock
Expenditure on Fertiliser, Lime and Seeds:
Figure 3.3 shows expenditure on fertiliser, lime and seeds ($/ha in 1993 dollar values)
and stocking rate for the M&WBES Class 1 farm. These data show a similar trend in
stocking rate per hectare which peaked in 1986 and subsequently declined. Fertiliser and
associated expenditure has been very variable over the period but generally increased
over the period that development occurred from 1966 to 1985; thereafter expenditure on
fertiliser, lime and seeds has declined in line with product price, notably with wool price.
Fertiliser application during this period has beer. a function of the ability to pay for
fertiliser rather than fertiliser maintenance requirements.
Stock Performance:
Figure 3.4 shows lambing percentage and wool production over the pl;riod 1967 to 1995.
Lambing percentage has improved over the series with the mean for the series being
85.0%, the peak lambing percentage occurred in 1985 (93.4%); however, lambing
percentage has declined subsequently to an average of 85.8 % for the period 1986 to
1995.
Wool production dropped from around 4.9 kg per stock unit (1967 - 1969) to a low of
4.0 kg/ssu in 1974 but has shown a consistent increase over the series post 1974 albeit
with some fluctuation around this trend. Peak wool production occurred in 1988 (> 5.0
kg/ssu) but declined after this period.
This slight drop in lambing percentage and decline in wool weights may have been a
result of climatic, land management and pest constraints but it may equally have been
as a result of the change of sheep breed from halfbreds to merinos which occurred on
some halfbred properties particularly with the increasing real price of wool from 1987
to 1989. (MAF, 1982)
Farm size and stocking rate variation and other performance indicators are shown in
table 3.1 which shows the mean figures for the M&WBES Class 1 farm for three periods,
pre-I978 (the year in which the LDEL scheme was introduced), 1978 to 1985 (the period
prior to economic deregulation and the fall in wool prices that occurred in 1986) and
post 1985 (1986 to 1995):-
7Table 3.1 Farm Size and Stocking Rate and other Performance Indicators
Pre-I978 1978 - 1985 Post-1985 Series mean
Farm size (ha) 11,238 10,042 9,926 10,497
Stocking rate 0.68 0.84 0.92 0.80
(su/ha)
Lambing % 81.7 86.9 85.8 84.4
Wool Kg/ssu 4.53 4.46 4.78 4.60
Fertiliser 2.20 4.08 3.34 3.05
expenditure /1
Note: /1 Fertiliser e.xpelldilllre includes fertJ1iser, lime and seeds e.xpressed ill 1993 dollar ten1l,'i, $ per SH•.
4. FINANCIAL PERFORMANCE
The M&WBES Survey collects both physical production and financial data from a sample
of around 30 high county farms. The results are reported in The New Zealand Sheep and
Beef Farm Survey published in November each year. Surveys are carried out over 8
tv sheep and beef farm classes nationally, of which the Class 1 High Country farm is one.
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Nominal and Real Prices:
Figure 4.1, 4.2 and 4.3 show the actual (nominal) prices and real prices for outputs over
the time series derived from the M&WBES data for the Class 1 High Country farm.
The data is presented for wool (c/kg greasy), lamb ($/head) and cattle ($/head). These
graphs show the variation that has occurred to product prices over the period.
The graphs show a relatively constant trend in prices for wool but with large variations
from the overall trend in prices for the series in particular years. Prices were at high
point in 1988/89 and steadily declined in real (and nominal) terms until 1993/94; in
1994/95 wool price again increased, from $4.92 to $8.62/kg greasy. This is the five year
period over which the Rabbit and Land Management Programme (R&LMP) has been
in operation.
The price for wool was lowest in 1971/72 ($4.88/kg) and highest in 1972/73 ($11.88/kg).
In the 1992/93 and 1993/94 wool prices have been close to the lowest level of the series
at $5.05 and $4.92 per kg. The high price in 1972/73 coincided with a commodity price
boom in that year. In real terms, lamb and cattle prices were also higher in the same
year at $55/head for lamb and $553/head for cattle.
Lamb prices show a general decline over the series with the lowest prices occurring
between 1986 to 1992. After the snow in August 1992 (and the resulting shortage of
lambs) prices rallied in 1993 to over $35/head which was slightly above the long term
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average for the series. Lamb prices have decreased in 1994/95 to $29.61 (in 1992/93
dollar values).
In 1993 lamb prices and cattle prices were 15% and 13% lower, respectively, than in
1969. Wool prices were 38% lower in 1993 compared to 1967. The lowest price for lamb
occurred in 1986 ($12.96/head) following deregulation and the removal of SMP payments
and subsidies to the Meat Industry Stabilisation Account (MISA).
The lowest price for cattle was recorded in 1974/75 at $200/head in 1992/93 dollar values.
Cattle prices were highest in real terms between 1969 to 1973 and lowest between 1975
to 1978, There have been marked peaks and troughs for real prices for cattle with the
last five years of the series (1991 to 1995) being above the long term average price. The
average price over the last five years has been $433/head compared to an average of
$388/head over the series.
Farm Income and Wool Price:
Figure 4.4 shows Gross Farm Revenue for the Class 1 high country farm (1992/93
dollars) for the time series 1967 to 1995 plotted against the Wool Price ($ per kilogram
greasy) over the same period.
The graph demonstrates how significant Wool Price has been over the series III
determining the overall level of Gross Farm Revenue.
Income by Source of Income:
Figure 4.5 shows income by source of income with income derived from wool, sheep
sales, cattle sales and other farm income (non-farm income is excluded from the
analysis).
Over the series wool income has averaged 65.3% of gross farm revenue, sheep sales
19.5%, cattle sales 12.3% and other farm income 2.9% of gross farm revenue. Wool
income as a percentage of gross farm income varied from 44% to 77% over the series.
The greatest variability in income from each source (wool, sheep sales, cattle and other)
and for total farm revenue (in real terms) was in 1967-1975, mainly due to two years of
exceptionally high incomes in 1973 and 1974.
The period 1976-1985 shows the lowest overall variability in total farm revenue; wool
prices were relatively stable over this period as were lamb prices but cattle prices varied
more widely. The stability of farm incomes over this period was due to the price
stabilisation schemes introduced by the government for wool and meat and towards the
end of the period the support for lamb prices through the payment of supplementmy
minimum prices.
Post deregulation (since 1985/86) the variability of incomes again increased and was
characterised by a decline in incomes in 1985/86 and 1986/87 followed by an increase in
incomes in 1987/88 and 1988/89, followed by another decline in incomes after 1989/90.
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The overall trend in incomes is driven by the returns for wool which increased in 1987/88
and 1988/89. Prices for cattle and lamb improved after 1989 but wool prices dropped
substantially; in 1993/94 wool prices were half the 1988/89 prices in real terms.
Farm Profit Before Tax:
Wages have been one of the most significant cash expense items in the budget over the
time series averaging $36,890. Interestingly however, the amount spent on wages has
consistently declined over the series averaging $46,930 in the period 1967-1975 and
$31,310 in the period 1986-1995. The range was $27,650 (1987) to $62,510 (1974) for the
Class 1 average farm.
Figure 4.6 shows that Farm Profit before Tax follows the same trend as that for Gross
Farm Revenue; years of high income resulted in high farm profits, conversely years of
low income resulted in low farm profitability.
Vehicle, Fuel and Power expenditure averaged $21,230 over the series with relatively little
variation. Expenditure on these items is largely non-discretionary and remains similar
over the series (7.5% of cash farm expenses).
The mean Farm Profit before Tax over the series was $74,000 in 1992/93 dollar values.
Cash Farm Expenses:
Repairs and Maintenance are largely a discretionary item of expenditure being cut in years
of low revenue and increased in years of good farm incomes. The mean expenditure on
this item was $23,900 over the series. The lowest variability in repairs and maintenance
has been in the period 1986-1995 when the amount spent has been the lowest of any
period.
Feed cost averaged $5,985 but has a high level of variability ranging from $3,240 (1987)
to $15,000 (1974). However, feed costs averaged only 2.6% of cash farm expenses with
a similar percentage of the budget being spent on feed during each of the 3 periods.
The amount spent on interest and rent has increased steadily from a mean of $26,610
between 1967-1975 to a mean of $41,650 between 1986-1995, an increase of 55%. Figure
4.8 shows that this has been a result of a general increase in expenditure on this item
over the period due to increased interest rates and the additional debt incurred with land
development over time.
Administration expenditure (including rates and insurances) increase to the highest levels
of the series in 1989 and thereafter. However, the mean for the series was only 10.2%
of cash farm expenses or $23,514 for the average fi\rm. This increase in expenditure has
been, in part, due to the increasing costs of the consent process u.lder the Recourse
Management Act. Costs are associated with making an application for consent (eg: for
burning) or for making professional submission to defend against changes in District
Plans which may impose restriction on land use ( protected natural areas, for example)
(Allen, J., pers. comm.).
Animal health and weed and pest
Shearing expenses
Fertiliser (including lime and seeds)
Wages
Vehicle, fuel and power
Feed
Administration (including rates and insurance~
Interest and Rent
Repairs and Maintenance
Other (including cartage, contractors and management salaries)
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
The year of highest Farm Profit before Tax was 1972/73, $231,600 for the average farm,
the year of the commodity price boom; the lowest level occurred in 1974/75, $12,895,
with poor results in 1977/78, 1980/81 and from 1991/92 to 1993/94 (all years of relatively
low wool prices).
Figure 4.7 and 4.8 summarise the time series data for cash farm expenses broken down
N into the following aggregated headings:
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Animal Health and Weed & Pest has increascd from 2.4% to 6.4% of cash farm expenses
over the series with the largest sums being spent in the later years of the series,
particularly in 1989 and thereafter. The mean expenditure for the series is $13,860.
Shearing Expenses have consistently remained around 8.5% of cash farm expenses with
little variation across the series in dollar or percentage terms, the mean was $24,265 per
farm.
Expenditure on other items (cartage, contracting and salaries) has averaged $20,130 over
the series. The amount spent and variability on this item was greatest in the earliest
period with the amount being generally constrained in later periods. This is probably a
reflection of money being spent on development during the early years of the series, as
well as increased competition for services after deregulation in the mid 80's.
Expenditure on FertilL~er, Lime and Seeds has varied from $12,185 to $50,740 over the
series with a mean of $25,710. This item is a discretionary item of expenditure being cut
to help balance the budget in years of low gross farm revenue. In percentage terms
more was spent on fertiliser, lime and seeds between 1976 and 1985 than in other
periods and the variability in expenditure between years over this period was also
greatest in dollar terms.
Equity:
Figure 4.9 shows Farm Pr~fit before tax plotted against Equity for the period 1967 -
1995.
From 1967 to 1978 Equity is a reflection of the fortunes of farming in that the trend in
Equity closely follows the trends in farm incomes and the profitability of farming with
the consequential effects this has on land and livestock values (reflected in the value of
tv
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assets in the balance sheet). During this period Equity was affected most by the
fluctuations in land values which reflected the changes in commodity prices.
Between 1978 to 1985 equity increased from $1.3 million to $1.8 million for the Class 1
High Country farm, with a peak in 1982 of$1.97 million. However, over the same period
the price of wool remained relatively stable and gross farm revenue varied comparatively
little when compared to other periods in the time series. During this period Equity
increased 52% (1978-1982) whereas the profitability of farming changed very little. This
increase in Equity was the result both of increased capital investment in the subsidised
environment and prices being paid for land which exceeded the current productive value;
both land development and product prices were being subsidised at that time.
Equity fell dramatically in 1986 from $1.8 million (in 1985) to $1.0 million, a drop of
45% in one year. Whilst wool prices declined marginally in the same year, the loss of
Equity was primarily due to the loss of confidence in the farming sector as a whole
during the period of the withdrawal of subsidies (particularly for lamb and mutton) and
the increase in interest rates which were reflected in reduced land prices.
In 1989 Equity increased to $1.7 million as a response to the increase in wool prices.
Since 1989 Equity has fallen and then risen in response to the change in land values.
Combined Trend in Gross Farm Income and Farm Working Expenditure:
Figures 4.10 and 4.11 show Gross Farm Income and Farm Expenditure over the series
as the total for the average farm and per stock unit respectively. The total income and
expenditure figures show an increasing trend in both gross farm income and expenditure,
but with large variation around this trend line, particularly for gross farm income. The
figures are expressed in real 1992/93 dollar values. Conversely figure 4. I 1 shows that on
a per stock unit basis the trend in both income and expenditure is declining; however the
trend lines for income and expenditure do not converge as was the case in a study by
Taylor and Mars (1979) for the period 1960/61 to 1976/77. Taylor and Mars analysis
showed that total and per stock unit income and expenditure were showing an upward
trend over time whereas for the longer series analysed in this paper the trend in total
income and expenditure is upwards (despite a slight decrease in farm size for the sample
over the period) whereas the trend in income and expenditure per stock unit declines
over time.
Taylor and Mars (1979), concluded that farmers "ran fast to stand still"; farmers were
forced to intensify, increase expenditure and an lift output by a substantial amount, yet
their net income showed only a much smaller improvement.
The analysis in this paper shows that farmers have reduced farm expenditure in an
attempt to balance their budgets in years of declining wool and other product prices and
their terms of trade have fallen. Farmers have increased total gross output over time but
their per stock unit incomes have fallen and expenditure per stock unit reduced to
compensate for this decline in per stock unit incomes.
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Return on Capital and Debt Servicing:
Figure 4.12 shows Return on Capital (percentage) and Interest payments per stock unit
(including rent) over the series. Between 1967 and 1995 there has been a steady increase
in the Interest paid from $3.15/su to $5.00/su in 1995, in real terms. In the earlier years
of the sel;es, before 1984, the increase in interest payment resulted in increased debt
which was accrued as a result of farm improvements, notably the increase in land
development. From 1984 this increase may be attributed almost entirely to the increase
in interest rates rather than any increase in capital expenditure.
Return on Capital has fluctuated widely over the series being lowest in 1975 (0.48%) and
highest in 1973 and 1989 (8.82% and 10.0% respectively); over the series the mean
return on capital is 3.9%. This Return on Capital is calculated with land, building and
improvement and livestock being revalued to market prices but with plant and equipment
at the depreciated book values shown in the accounts. (Return on Capital data is not
available for 1993/94 and 1994/95). .
Interest rates to farmers (particularly through the increase in rates charged by the Rural
Bank as they moved to charging market rates) increased markedly from 1984. Rural
Bank rates were 9.0% in 1992 and moved to 18.3% by 1988; after which they gradually
declined to current rates of around 11%. (Cumberworth, 1994).
Term Liabilities, Farm Profit Before Tax and Liquidity:
Figure 4.13 shows Term Liabilities, Net Farm Income and Liquidity per stock unit over
the series. Whilst not shown in the graph, the data for totals per farm show a similar
trend.
In real terms Term Liabilities remained similar at around $35.00/su or $290,000 per farm
from the start of the series until 1985. However, when interest rates started to rise
rapidly in 1984 Term Liabilities declined to $13.70/su or $189,500 per farm in 1988. After
1988 Term Liabilities increased with the carry over of cash deficits to term debt. The
decrease in Term Liabilities, which occurred from 1986 to 1988, is likely to have been
the result of farmers repaying debt in yeilrs of above average income (1988, 1989 and
1990) as well as a result of the Rural Bank mortgage discounting scheme which was
introduced by the Government in July 1986 with applications closing in July 1987 (the
1988/89 farming season).
Farm Profit before Tax averaged $8.75/su or $74,000 per farm over the series; whilst
highly variable across individual years, the variation over the periods 1967-75, 1976-85
and 1986-95 was not great when calculated as the mean over each period.
N
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Table 4.1 Key Financial Indicators per Stock Unit
KEY INDICATORS/SU 1967-1975 1976-1985 1986-1995 Series
/4 mean
Farm Profit before Tax /1 $9.46 $7.64 $9.22 $8.75
Term Liabilities /2 $36.75 $36.42 $26.90 $33.71
Liquidity /3 ($0.01 ) ($1.94) ($2.36) ($1.42)
Return on Capital % 3.9 2.8 5.4 3.9
Interest & Rent $3.50 $3.80 $4.60 $3.98
Note: II Farm Profit before Tax is calculated as gross farm income less all working farnl expenses (inclusive
of interest and depreciation) but exclusive of personal drawings. capital purchases. and debt repayment.
12 Term liabilities is all tenn debt and mortgages.
13 Liquidity is calculated as current assets plus investments and deposits less current liabilities.
14 Data for Ternl Liabilities. Liquidity and Return on Capital is not available f,,, 1993/94 and 1994/95.
Farm Profit before Tax has been positive over all years of the series; however, this figure
is calculated before any allowance is made for personal drawings, capital purchases and
debt repayment and taxation.
After allowing for taxation and personal drawings, the resulting Disposable Profit has
been positive in most years of the series. With the fall in wool prices after 1988/89,
Disposable Profit was negative between 1990/91 to 1993/94; this explains the increase in
Term Liabilities after 1988/89 as farmers borrowed to finance net cash deficits and any
capital renewal.
There has been a working capital deficit (as measured by Liquidity) in 75% of the years
in the series (to 1992/93). The average Liquidity over the series was negative ($1.42)/su
or ($11,700) per farm. This trend was noted by Taylor and Mars (1979); "Prior to 1964/65
liquidity approximated term liabilities, to give net liabilities of nil. lbe difficulties of
earlier years were remembered and cash resources were maintained at levels which were
in many years equivalent to the per annum net farm income." In the analysis by Taylor
and Mars, a 17 year period to 1976/77, liquidity was negative in 41 % of years in the
series. The positive liquidity, which was a feature of the period before 1966/67, is no
longer the norm for high country farms (as represented by the mean of the sample of
farms surveyed by the M&WBES).
5. SUMMARY AND CONCLUSIONS.
Farm Income and Expenditure:
This paper has demonstrated that South Island high country farm incomes, and
consequentially farm profits, are predominantly determined by the value of wool sales.
Over the last 30 years the real price of wool has varied considerably from year to year.
For 10 years of the series 1976 to 1985, product prices were supported or subsidised
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through a variety of measure outlined in section 2 of this paper.
Whilst income from sheep sales is significant, the price for livestock sales are determined,
in part, by wool price. This is becau:;e some sheep are sold as replacements to other high
country farmers (who predominantly grow wool); some animals are sold to downland
falmers for finishing or directly to the works. The wool price effect on store livestock
sales from high country farms is about 44% in the same year (Jarvis, P.J., unpublished
data). Whilst wool income has comprised from 44% to 77% of gross farm income (net
of livestock purchase) over the series, the overall affect of wool price changes on income
are greater than these figures suggest.
High country farmers have largely adjusted to this price and income variability by
reducing expenditure in years of low income. Fertiliser expenditure, repairs and
maintenance are such a large item of expenditure on high countly farms that rtmholders
are more able to use reductions in expenditure as a buffer against movements in incomes
than smaller, downland sheep and beef farmers. However, a reduction in expenditure,
particularly on the maintenance of improved grasslands, may result in a decline in overall
farm output.
Trends in real Gross Farm Revenue and Farm Expenditure per farm have increased over
the series as a result of increased stock numbers and total output per farm. In real terms,
product prices have fallen and income per stock unit has declined over time; farmers
have responded to this reduction in farm revenue by decreasing expenditure per stock
unit. The implication is that expenditure may now be below that required to adequately
maintain the farm resource base.
Stock Numbers:
With subsidised land development occurring until the mid 1980s, stock numbers on high
country farms increased; however the increase in stock numbers that was predicted to
occur did not eventuate; stock numbers increased until 1985 and then declined. Whilst
it would appear that improved tussock grasslands have not been maintained with
adequate levels of inputs there are also a number of other reasons that have been
suggested for the decline in livestock numbers (increases in weed and pests, controls on
burning, and changes to farm management practices); consequently the decline in
livestock numbers cannot be attributed solely to a lack of maintenance on improved
tussock grasslands. The issue is more complex.
Sustainable Land Management:
It has been suggested by scientists that unimproved tussock grasslands cannot be grazed
sustainably. This raises serious questions about the economic viability of the continued
pastoral use of the more marginal land which has only limited potential to carlY
additional livestock with development by means of oversowing and topdressing, fencing
fertiliser maintenance and the control of weeds and pests.(Kerr, 1992)
However, this opinion is by no means accepted by the majority of scientists, farmers and
land managers. More research is needed on the contribution that different land resources
15
provide to high country fanning systems and the complementary nature of these
resources. Each high country TUn is unique in its mix of resources and the climatic and
ecological environment that it provides. The great diversity of the land resource both
between and within properties should caution against introducing prescriptive policies
and plans that do not take into account the wide range of sustainable solutions that are
likely to emerge for individual properties.
Initial work on the development of farming systems indices and complementarity indices,
for discrete land units within a farming system, has been undertaken by Harris (1994).
With the removal of subsidies, price stabilisation schemes, and incentives for
development, farmers are now increasingly exposed to the risk of the market. The future
of high country farming will be determined by what happens to the price of wool. If
prices remain buoyant then fanners may be able to sustain their current standard of
living and maintain or improve their resource base. If the real price of wool falls, to the
low levels of recent years, for an extended period, then the econom;c viability and
environmental sustainability of properties must be in question.
The cost of pest control is also of concern. for a sample of farmers monitored by the
R&LMP, the total cost per hectare of rabbit control under the programme, over a five
year period, was $28.21 in Otago and $33.24 in Canterbury ($5.64/ha/year and
$6.65/ha/year respectively). This figure underestimates the true cost of controlling rabbits
because money was spent by farmers which was not necessarily recorded by Regional
N Councils. Parts of farms. particularly in Otago, were outside of the area covered by the
t:j programme boundary. Farmers estimate that the ongoing cost of rabbit control will be
some $4.00 to $6.00 per hectare; however, there is a wide variation in the cost of control
on different properties.(Jarvis, 1995)
Multiple lAnd Use:
Under the Land Tenure Review, there is already the opportunity for farmers to review
their current land resource with the possibility of retiring land from grazing, refonnatting
the boundaries of properties and the opportunity for freehold ownership. The result of
this process will facilitate alternative land uses and the multiple use of high country
resources. If economic times are hard for high country fanners in the years ahead this
process is likely to be accelerated.
Alternative land and recreational uses in the high country is not a new idea. In 1971 J.D.
Gregan, Chief Pastoral Lands Officer, Christchurch, identified the opportunity for the
multiple use of land :-
.. .1 feel that the future will see the gradual integration of tourist and
recreational activity into the pastoral scene in New Zealand and that it will
provide a valuable supplement to incomes on properties which could easily
be marginally economic otherwise. The welfare of the land must always be
our prime consideration and the economic health of our lessees is a vital
factor in preserving this. Changing use of our high country should, too,
bring greater enjoyment of this priceless asset by the public as long as sane
policies of administration are pursued and tolerance and understanding is
16
maintained between those whose living and those whose recreation come from
the mountain lands."
O'Connor (1970) also emphasised the need for multiple use of high country resources
and identified that social and historical facts should be considered in addition to the
more customary scientific and economic factors.
Pinney (1978) identified that the real advantages of diversification come from a
broadening of the trading base which lessons the effects that violent fluctuations in
income have on traditional falm economics. He identified opportunities for
diversification into deer, goats, cropping, forestry, tourism and recreation as well as other
livestock farming systems. " If it is the wish of the runholder to go into the hills and live
in 'splendid isolation', that is his choice. TIle world does not owe us a living, our future
prosperity is in our own hands and noone else's. The opportunities for diversification are
certainly there."
In 1990 the Ministry of Agriculture and Fisheries established the Semi-Arid Lands
Research Team, in AJexandra, to research sustainable land uses in the high country with
research programmes in farming systems research, vertebrate biology, ecology, and
landscape planning. This programme is now managed by Landcare Research Ltd.
Twenty-five years after O'Connor identified the need for wise resource planning and the
need for more detailed and comprehensive data to better understand the complex nature
of the high country environment and the wise use of its resources, the Semi-Arid Lands
Research Team is using new tools in an attempt to achieve this.
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USING A STOCHASTIC CASH FLOW MODEL
TO MAKE STOCKING RATE DECISIONS
C K G Dake, M S Cunha and W J Parker
Department of Agricultural and Horticultnral Systems Management
Massey University
Palmerston North
ABSTRACT
A stochastic cashflow model was developed to assist the farm manager to make the stocking
rate decision for a prime beef fattening case farm in the Amazon region of Brazil. Both
assumes animal growth rate and the price received for steers were assumed to be stochastic.
Monthly rainfall, carcass weight data for animals sold (n=2696) during the previous 4 years,
and stock drafting policies were used to estimate the probability density function (pdf) of
animal growth rate. Historical data were used to estimate the pdf of prices. The effects of
stocking rate ( 0.6, 0.8 and I beast/hal on the cumulative distribution of the end of year
cash balance was then assessed. A stocking rate of one beast per ha completely dominated
the other two stocking rate options, even if monthly steer growth rates were reduced by up
to 25%.
INTRODUCTION
A cashflow budget summarises the relationship between income and expenditure for a
business over a given period of time. The budget gives the manager an opportunity to
reschedule seasonal cash inflows and outflows to ensure that the business remains viable
and the end of year cash balance is maximised.
The monthly cashflow budget for a grazing system can be used in conjunction with the
farm feed budget to evaluate decisions on stocking rate (stock carried per unit area), calving
and lambing date, time of weaning, stock purchase and selling policies. The feed plan
matches seasonal feed supply with livestock demand, and the cashflow budget indicates
whether the seasonal cashflow is sufficient for the farmers needs. Simulation models such as
Stockpol (AgResearch, 1994) can be used to determine polices that yield feasible feed
plans. The effects of farm management policies on the farm's cashflow are also provided.
These models have a number of weaknesses. The models require detailed data on variables
such as pasture growth and feed requirement. These data are not available and are difficult
to estimate in many farming situations. The models are also deterministic and do not account
fully for the variability in pasture and animal production, or in product prices. The
variability of farm returns and the farmer's attitude to risk can determine policies adopted
by the farmer.
The purpose of this stUl!y is to show how a cashflow model can be used with stochastic
production and price variables to evaluate a stocking rate policy. The model is applied to
prime beef production in the Amazon region where historical data on the amount of feed
present on the farm and feed required by livestock is not available. The animal growth rates
of steers used in the model are estimated from monthly rainfall records, the stock selling
policy and carcass weight data of animals sold to the local abattoir.
DESCRIPTION OF THE CASE STUDY FARM
The stochastic cashflow model is used to evaluate stocking rate options for the Arpa farm, a
large beef cattle property situated south of Para state in Brazil. The climate of the region,
based on Thornthwaite's classification, is "super-humid" and "humid" with a moderate water
deficiency. The annual rainfall is 1800 - 2000 mm. The first rains occur in the months of
September and October, reach their peak between Januaty to March and then gradually
decrease until the dry period starts in May. The rain increases again in late August. The
water surplus for pasture production is 650 mm in the wet months and the deficit is 290 mm
during the dry period. The average temperature is around 25 "C (Cunha, 1995).
The farm is 8,700 hectares of which 4360 hectares is in improved pasture, which mainly
comprise three different grasses, Brachiaria Brizanta, Panicum Maximum, and Andropogon
Guianense. In 1967 a beef cattle project was started on the farm consisting of a breeding and
fattening system. In 1991 the breeding system was discontinued and the fattening (finishing)
operation became the only livestock system. The predominant breed of animals on the farm
are the Nelore (Bos-Indicus). [n 1994 crossbred Nelore x Limousin animals were
introduced.
The grazing management of the steers is based on a set stocking system where a fixed
number of animals remain on a specified area for a prolonged period of time. Replacement
animals are bought in, normally fi·om March through to June, coinciding with weaning on
the cattle breeding properties. The animals are purchased 6 to 7 months of age having been
dehorned, branded and castrated.
The sale price received for steers is based on per kilogram of carcass weight payment. This
payment is the same across weight and grades but varies with market conditions during the
season. The decision to sell is taken when the average price per animal is equal to or greater
than US$ 300. However if the farm has a cashflow problem the decision to sell is taken even
if the average price per animal is less than US$ 300. Finally, all animals are sold before they
reach four years of age.
THE STOCKING RATE DECISION
As part of the managerial process for grazing systems, the fanner must decide on the
numbers of animals to farm during the current and future years. [n a livestock production
system, the choice of slocking rate can significantly impact on the productivity and
profitability of the grazing system since it affects the feed supply to individual animals. At
higher stocking rates animal intake may be restricted (Connifle, Browne and Walsh, 1970),
and pasture growth rate may be reduced through overgrazing (Campbell. 1969). The
relationship between animal production and stocking rate is not well defined. In any grazing
system, there is however a critical stocking rate above which no further gain in animal
production will occur. Variation in animal liveweight will also increase with stocking rate
due to feed shortages (White, 1987).
May and June. The number of replacement animals purchased was directly related to the
stocking rate. The total cost of maintaining animals, such as animal health (vaccination,
minerals) also increases with on the stocking rate.
Selecting the optimum stocking rate is complex when production and economic variables,
and hence farm returns are stochastic. The farmer's degree of risk aversion will also dictate
the optimum stocking rate (McArthur and Dillon, 1971). A risk averse farmer may adopt a
stocking rate which is lower than that selected by a risk taker. It can also be shown that the
otpimum stocking calculated using deterministic production and price variables corresponds
to the level that a risk taker would adopt. In a situation where the farmer's attitude to risk is
unknown then the cumulative distribution of enterprise returns will need to be considered
when choosing the most appropriate stocking rate (Anderson, Dillon and Hardaker, 1977).
THE CASIIFLOW MODEL
Stocking affects cash inflows th 'ough the number and carcass weight of rising 3 year old
steers sold each month.
Deriving Mean Growth Rate of Steers
The distribution of carcass weight of rising 3 year old steers in each month was required to
develop a model that can be used to forecast animal growth rate. Rising 3 year old steers
from the case farm that exceed a desired minimum weight are sold to the local abattoir. The
farm keeps a record of the number and carcass weight of these sales, and this information
was used to estimate the parameters of a distribution to describe the population of rising 3
year old steers.
where
The mean carcass weight of animals sold above a minimum weight can be derived from
Equation (1) as:
A beta distribution used used to describe the probability density function of carcass weight,
because it has a flexible form which can be described by two parameters.
The probability density function f-or the beta distribution was assumed to be defined as:
f(x, a, b, MinX, MaxX) ( I)
(2)
M:lx..X
MeanS = fM;nS x.f(x, a, b, MinX, MaxX) Ox
x is the carcass weight;
a,b are the shape parameters of the Beta distribution;
MinX and MaxX are minimum and maximum carcass weights.
To establish the relationship between the stocking rate and the distribution of farm returns
for the case study farm, a financial model was developed to simulate the management of
seasonal cash transactions on the farm when production and prices received are stochastic. It
was assumed that decisions are made from January, and the distribution of the cash balance
in December was used to evaluate the stocking rate options. The equations in the cashflow
model are essentially accounting identities and time dependencies are achieved by ensuring
the cash opening balance in a particular month equals the closing balance of the previous
month.
. The cashflow of the case study farm is divided into two main sections; cash inflow and cash
outflow (Table I). The cash outflow section is subdivided into two sections; 'capital
purchases' (the full price of any new capital assets such as land, machinery, and livestock)
and 'other costs' (the normal cash expenses incurred in producing the farm revenue, plus
other expenses). The cash inflow comprised five potential sources of cash receipts into the
farm as illustrated in Table I.
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Table I. The main com onents of the Cashnow Model
CASH OUTFLOW CASH INFLOW where
Beta shape parameters (a, b) and MinX. can be found by solving Equations (2) and (3). The
variables MeanS, MinS and MaxX are known and can be calculated from carcasses sold to
the abattoir.
Capital
Improvements
Livestock
Horses
Machinery
Other
Administrative
Livestock (health)
Pasture
Machine
Starting cash balance
Livestock sales
Capital sale
Non-farm cash receipts
Loans
MeanS is the mean weight of carcasses sold to the abattoir;
MinS is the minimum weight of carcasses sold.
If the proportion of rising 3 year old steers sold, PropS, is known then
MinS
I - PropS =fM;nX f(x, a, b, MinX, MaxX) Ox (3)
The effect of stocking rate on cash outflow was modelled through the period of March
through to June when the purchase of replacement animals normally occurs in March, April,
It is convenient to restate Equations (2) and (3) as
MaxX
DivMean = ((MeanS - f~l;nS "f(x, a, b, MinX, MaxX) i)x) I MeanS)2 (5)
r-.,·finS
DivProp= ((I-PropS -Lnx f(x,a,b,MinX,MaxX)i'x)/(I-PropS))2 (6)
The problem can be solved as a non-linear minimisation problem which can be stated as·
DATA ANALYSIS
The primary source of data were the carcass weight of 2696 rising 3 year old steers sold
over four years (1989-1993) and the prices received for each kilogram of carcass weight.
Monthly rainfall records were is also available during this period
Using Equations (5) to (7), the beta shape parameters of the monthly distribution of carcass
weight were derived (Table 2). These parameters indicate that the distribution of carcass
weights in each month was not normal, but was rather skewed to the right.
lThe mean carcass weight of animals carried forward to the following month.
2Filled growth rate from the regression model shown in Table 2.
The effect of rainfall on steer growth rate was estimated from a linear regression between
monthly growth rate, and the previous month's mean carcass weight and rainfall Crable 3).
On the basis of the t-statistic rainfall did not appear to significantly affect monthly growth for
this formulation of the regression model.
~~~g!!.!~g} ~~~.~-------
Month Beta Shape Min Max Mean Mean Gl"Owth Rainfal
Parameters not sold rate (mm)
(kg
C~lI'C:ISS
Iday2
a b
January 0.10 1.59 183 321 191 184 209
February 0.10 1.52 165 291 173 168 0.54 282
March 0.10 1.11 183 343 196 184 140 266
April 0.31 2.91 219 352 231 225 041 110
May 0.10 135 186 278 192 187 -1.29 82
June 0.10 0.71 185 312 201 188 0.33 13
July 0.16 1.43 181 343 197 184 -0.15 5
August 0.14 1.86 185 400 200 190 -0.01 10
September 0.76 3.79 185 292 203 195 -0.10. 106
October 0.52 544 171 366 188 176 -0.11 120
November 0.70 1.51 195 297 228 208 0.55 116
..................~-~ .................." ....~......................_'''.........., ........................, ..........._....._........................................................-.................................-
Find a, b, MinX in order to
Minimise
DivMean + DivProp
Subject to
MinX S MinS
a > 0, b> 0, MinX> 0;
The mean carcass weight of rising 3 year old steers in each month can therefeJre be
calculated form the parameters of the distribution.
(In estimating the above non-linear model using data from the case study farm it was found
that the estimated MinX did not ·always yield' plausible' estimates. Using farmer experience,
MinX was therefore fixed at 85% of MinS)
N
~ Effect of rainfall on animal growth rate
The case study farm had no information on pasture growth rate that could be used to define
the relationship between animal growth and pasture production. Using rainfall as a proxy for
pasture production, the following simple linear relationship between steer growth rate and
rainfall was proposed:
Growth rate in current month = j(Mean carcass ll'eiXht in the pre\'ious month, and
rai/irall in the pre\'ious month).
During simulation the variability of steer growth rate was modelled by random sampling
from the distribution of the regression parameters.
Price Variability
Prime steers from the case study are sold to the local abattoir on the basis of carcass weight
irrespective of grade. Historically, prices have ranged from about US$ 0.9 to 1.60 kg.
Insufficient data was available to estimate the correlation between prices and carcass weight.
The decision to sell stock is however based on the average returns per animal and the need
to maintain a positive cash balance in each month. The Monte Carlo model developed for
this study based the selling decision on random sampling from a monthly distribution of
prices.
Table 2 Estimated distribution of monthly carcass weights of rising 3 yem' old
steers.
Table 3. Parameters describing the relationship between animal growth rate and carcass
weight, and monthly rainfall (mm).
MultR
R Square
Adjs.R
Std error
Observ
0.85310
0.72779
0.63706
0.51890
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average return from animals sold is equal to or greater than $US300. Alternatively, if the
cash balance for the same month was .negative, the model continued the selling process until
the cash balance became positive. Each animal not sold was grown to the next period using
the estimated stochastic growth function. The process was repeated until December when
all animals were sold. The whole process was repeated twenty times to yield a cumulative
distribution for the remaining December cash balance.
Random growth rates can be simulated by sampling from the distribution of the regression
coefficients which are assumed to be normally distributed with a mean and standard
deviation equal to the estimated coefficient and standard error respectively.
distribution (Figure I). No correlation
Instead the etTect of price on carcass
N
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I I
Coefic. Std Error ._. P-valuc -~ ., - - u/lllcr95%
Intcrcept 8.363655 2.366945 35335237 0.012315 2571946 2571946
Mmc3n carcass \\1 or -0.04243 0.012138 -3.495824 0.012892 -007214 -0.07214
previous month
Previous month's rainfall 0.001349 (U){} 1874 0.7 11)l)/1(17 0.498(,31 ·(J.{J(J12·~ -1111032·\
The price data was filled to a truncated normal
between price and carcass weight was assumed.
weight was modelled as part of the selling decision.
:~~
US$/kg 0.8
0.6
0.4
o2. ...••. ::::::;:: -~ I
·ot-==?·; I I T~ I I ;
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months
__Mean
__Max
""'-Min
--SId
The simulation model was programmed on a Microsoft Excel Spreadsheet using the Visual
Basic programming language (Microsoft, 1994), and the @Risk (Palisade, 1994) Monte
Carlo simulation package.
The model was used to simulate the effect of three different beginning of season (July)
stocking rates on the annual cashflow. July is a critical month as pasture growth rates and
pasture quality are low, as a consequence of the dry period (Table I). Furthermore, the
stocking rate on the farm is usually high at this time due to the purchase of replacement
animals. Based on previous experience, the maximum stocking rate that can be carried in
July is I animal per hectare. At this rate over-grazing is to pe avoided with consequence
serious damage to pastures. It was in relation to this that the effect of three stocking rates on
cashflow was simulated.
Plan 1: Sell 1000 animals per year which corresponds to 0.56 animals per hectare in
July.
Plan 2: Sell 1416 animals per year which corresponds to 0.80 animals per hectare in
July.
Plan 3: Sell 1800 animals per year which corresponds to I.00 animal per hectare in
July.
RESULTS AND DISCUSSION
Figure 1 Distribution of prime beef carcass price 1989-1993.
RUNNING THE SIMULATION MODEL
The mean cash balance in December for Plans 1,2,3 were US$ 49,584,84,811, 119,648
respectively. The mean cash balance therefore increased with stocking rate. The cumulative
distribution of the December balance values for the three stocking rates simulated are shown
in Figure 2.
The model used in this study is similar in concept to the lamb drafting model developed by
Garrick, Purchas and Morris (1986). Their model simulates a flock of lambs of specified
weight and sex using relationships between liveweight, carcass weight and carcass grade.
Based on historic data, individual carcass weight of animals at the start of the farm year
(January), are generated randomly from a beta distribution with shape parameters of 0.1 and
1.59, and with minimum and maximum values of 183 kg and 321 kg respectively. Using a
price sampled at random from the distribution of prices, the model sells animals if the
Cumulatlv. Fr.quency Distribution Cumulative Frequency Distribution
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EtTect of reduced steer growth rates
The highest stocking rate of 1.0 animal per hectare is preferred since its distribution of
December balances dominates the other distributions in the sense of the first -degree
stochastic dominance. In graphed terms, a first -degree stochastic dominant cumulative
distribution function must lie nowhere to the left of a dominated curve (Anderson, Dillon
and Hardaker, 1977).
As can be seen from the cumulative distributions, Plan 3 still dominated the distribution for
Plan 2 in terms of first-degree stochastic dominance even when animal growth rates were
reduced by 10% and 25% respectively. As expected, however, the reduction in steer growth
rate reduced the profitability and risk efliciency of Plan 3.N00
l.J.)
Figure 2 Cumulative distribution of the December cash balance for stocking rates
of 0.6,0.8, and 1.0 steers/ha in July. Figure 3 Cumulative distributiou of the December balance for 0.80 and, 1.0, 1.0
steer I,er hectare and II 10'Vo. and 25% reductions in gnlwtlt nlte, at 1.0
steer/Ita.
The results show that Plan 3 (which has a stocking rate of 1.00 animals per hectare in July)
is statistically efficient compared to the other two distributions. It is well known that if
stocking rate is increased production per animal is reduced if the critical stocking rate is
exceeded, although the exact nature of this relationship is still a matter for debate.
Therefore, it was decided to re-run the model for Plan 3 (stocking rate of 1.0 animal per
hectare), with a 10% and 25% reduction in animal growth rate. Figure 3 shows the
comparison between the cumulative distribution for the December cash balance values for
Plan 2 (stocking rate 0.8 animals per hectare in July), and Plan 3 with animal growth rate
reduced by 10% and 25% respectively.
CONCLlJSION
This study has shown how a cashflow budget can be used to make the stocking rate decision
on a farm where available information on feed present and the rate of pasture growth are
not available. The study also shows how the distribution of carcass weight of livestock on
the farm can be calculated from a sample of animals if the selling decision criteria is known
The approach uses the cumulative distribution of end of year cash balances to discriminate
between stocking rates options. This approach is useful if the preference of the farmer for
the stocking rate options is unknown.
A weakness in the approach is the assumption that a farmer can accurately estimate carcass
weight from animalliveweight. The biological feasibility of the model output in relation to
pasture supply and availability of the stocking rate options could not be tested due to the
lack of data, but one of the authors (MSC) plans to undertake this task upon his return to
Brazil.
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INTRODUCTION
Since 1984 the New Zealand economy has undergone radical restructuring with
deregulation in many sectors of the economy. One of the key features of this
development has been the search for labour market and job flexibility (Pollert,
1991). This paper reviews the development of the New Zealand system of
farm employment relations, particularly over the last ten years, with a clear
political shift to the Right, a harsher labour market with increased
unemployment, increased global competition and a transnational restructuring
of capital. The paper is concerned with the transition from the labour relations
of the Fordist era applying to New Zealand agriculture before 19X7, to a post
Fordist form in which' ...the constraints imposed upon Fordism by organised
labour, welfarist and reformist corporatist arrangements and
governments .. .'(Marsden, 1992) have been largely removed.
Farming has dominated the New Zealand economy for over a hundred years
as the principal export earner of the country. Only recently has this dominance
been challenged. Associated with this economic significance has been a
marked bias by the state in favour of agriculture. Farmers have been actively
concerned with the role of trade unions since the beginning of this century,
seeing them as one of the causes of rising wages, prices and inflation. Their
.free-market' ideology and concern with inflation in the cost structures of
export industry has led them to being militant opponents of organised labour
(Bremer, 1993).
Agricultural employment has also been undergoing significant evolutions. New
Zealand has followed the growth path of most developed economies with a
decline in the relative importance of employment in agriculture. But while the
relative importance of the farm sector and farm sector employment has
declined there has been no significant total decline in the numbers in farm
employment in over 70 years, unlike the situation in Great Britain and the
United States of America (Tipples 1987b). In effect there has Leen progressive
intensification. Within a fairly constant total level of employment of about
120,000 persons, there have been some compositional changes. Over the
period 1984-1990 family labour has increased while paid labour has decreased,
but the total employment figure in 1990 is only one percent less than in 1984
(Fairweather, 19922). In this period of unemployment it might be suggested
that agriculture, and particularly family farms, have become something of a
reservoir of surplus labour, where that surplus labour was provided with
employment within the extended family and the labour costs for the family
were reduced by employers hking advantage of the family connection. There
may be more peripheral employment in terms of Atkinson's core-periphery
model of the flexible firm (Atkinson, 1984), but that is probably due to the
development of those parts of the rural sector using such traditional forms of
flexible employment (e.g. intensive horticultural production) rather than
concerted attempts by employers to introduce new policies of flexibility.
N Smaller New Zealand employers have always enjoyed considerable latitude in
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0\ the way in which they organised their employment practices (McAndrew and
Hursthouse, I991 ).
Against this background of societal and economic change in New Zealand the
deregulation, which was applied to many sectors of the economy and public
service, was also applied to the labour market. It introduced a third phase in
farming employment relations in New Zealand. Three phases of labour market
regulation for New Zealand farming) may be described:
I. The unregulated farm labour market - Before the Industrial Conciliation
and Arbitration Act 1894.
2. The regulated farm labour market - 1894-1991, the period of operation
of the· arbitration system' and its derivatives.
3. The re-regulated farm labour market - Post the Employment Contracts
Act 1991.
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THE UNREGULATED FARM LABOUR MARKET: BEFORE 1894
This period is the least well known in terms of the state of farming
employment relations. However, it does show marked similarities with the
operation of the .free' labour market since the Employment Contracts Act
1991, as from the time of settlement to 1894 farming employment was subject
to little regulation and the market had little structure. Workers seeking redress
in disputes about payor conditions had to take cases to the civil courts as
individuals. Employees who were unhappy were at the mercy of the forces
operating in the labour market and could register their protest most easily by
leaving their employment. In times of full employment jobs might be found
easily in the relatively open labour market, but in times of unemployment they
might have difficulty finding a further job. This meant generally that their
bargaining strength was low. However, seasonal demands for labour gave
workers some leverage. Thus periods such as harvest and shearing, were the
critical flash points when employers might have unrealistic expectations and
workers might walk out. Strikes were not uncommon. This situation was
especially true for shearers, who were a more collectively-oriented itinerant
group of rural workers. In general rural workers were not collectively oriented
and organised. Where work required less skills, of a less seasonal emphasis,
and took place outdoors, ill small groups or as individuals, it tended to be
carried out by resident permanent workers rather than itinerants. Martin has
concluded: ....as in other frontier societies, farm workers in New Zealand were
forced to accept employers' demands to do all sorts of work and labour for
long hours (Martin, 1990).
THE REGULATED FARM LABOUR MARKET: 1894-1991
The critical role of the Industrial Conciliation and Arbitration Act 1894 in New
Zealand history and the exClusion of the rural sector from the coverage of the
Act has been described (Holt, 1986; Tipples, I987a). Holt's view that the Act
excluded the rural sector has been questioned by Martin (1987) who contrasted
4its effects on two components of the rural sector, the agricultural and pastoral
sectors4• From this comparison he argued that Holt's view of the agricultural
sector gave only a partial picture. Martin's view of the pastoral sector
suggested the rural sector was included in the Industrial Conciliation and
Arbitration Act's coverage by implication.
Farmers were consistently opposed to the conciliation and arbitration bill but
were at their lowest level of representation in parliament under the Liberals in
1894 - only some 25% of representatives in what was a transitional period
between squatter and farmer politics (Gardner, 1970). In addition, the
Shearers' Union was actively involved in supporting the legislation and then in
taking advantage of it. One reason for the Shearers' support was their failure
to obtain agreements with their employers by both negotiation and strike action
(Martin, 1987). The Shearers' Union registered first under the Act in 1895 and
N obtained its first award in 1902 after an amendment to the Act made it plain
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-.l that rural unions could be covered. However, when general farm workers
formed a union in Canterbury the Judge of the Court rejected their case. Why?
Martin believed that the answer lay in the different circumstances of the two
groups and their forms of work. Whereas shearers enjoyed a .quasi-industrial
factory form of labour process', farm workers' situation was one where 'factory
methods were inappropriate or inapplicable'.
"Farm work was diverse and flexible, involved a variety of skills
and jobs, did not have fixed hours and was subject to the
employer's individual and immediate supervision and control.
There was considerable overlap between work and home life, and
any conflict which arose was strongly individualised and
specific." (Martin, 1987, p.180)
While the Farmers' Union was totally opposed to arbitration the Sheepowners
formed their own Federation under the Act and agreed awards with their
shearers. They perceived that they could control their employees through the
Act. It could indeed be 'Labour's leg-'ron' as it was perceived by the
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Federation of Labour of the period (Martin, 1987).
ARBITRATION: The first cycle 1885-1932
The period of operation of the conciliation and arbitration system can be
conceived as being in two parts, represented by approximately fifty year cycles.
The first starts before the 1894 Act in the years of the .Long Depression'.
Adverse economic and political circumstances led to the election of the first
Liberal Government in 1890. The Industrial Conciliation and Arbitration Act
followed in 1894. The introduction of voluntary arbitration in 1932 marks the
end of the first cycle of approximately fifty years (Holt, 1986).
ARBITRATION: The second cycle 1932-1991
The second cycle begins also in a period of economic depression, the Interwar
Depression, which began in the 1920s and continued until the outbreak of
World War II. Again economic and employment conditions were so bad that
the electorate was not prepared to tolerate the conservative Coalition
Government elected in 1932. They had been replaced in 1935 by the first
Labour Government. Labour was elected on a platform of restoring purchasing
power, employment and confidence in the economy (Burdon, 1965).
Compulsory Arbitration was restored and compulsory unionism introduced by
the Industrial Conciliation and Arbitration Act 1936.
In return for improving economic conditions for dairy farmers the Government
required them to pay their employees a fair rate of pay by means of Ministerial
Wage Orders under the Agricultural Workers Act 1936, because farming
opposition was still evident (Tipples, 1987a). Subsequently Ministerial Wage
Orders for other parts of farm and horticultural employment were issued as
well.
Post World War II, the 1950s and early 1960s were years of economic
6prosperity. Unemployment was not a problem and did not begin to rise again
until the later 1970s. Agricultural conditions were such that individuals could
easily improve their conditions by changing employers. For most of the
period the country was governed by National Governments, the natural
successors to the former Reform party, but reorganised to include both urban
and farmer interests (Gardner, 1970).
THE FARM WORKERS' ASSOCIATION
The Labour Party was committed in successive elections from 1958 until 1972,
at the request of the New Zealand Workers Union, which represented farm
workers, to bring agriculture under the Industrial Conciliation and Arbitration
Act. Farmers were opposed to this development. Farm workers, also opposed,
formed the Farm Workers Association in 1974 (Angrove, 1994), and together
with Federated Farmers of New Zealand (Inc.), promoted another Agricultural
~ Workers Bill (1977) with the following National Government. In spite of the
00 support the Farm Workers' Association had received, after the passage of the
Agricultural Workers Act 1977 membership rapidly declined (Tipples, 1987a).
Ironically, the Farm Workers' Association membership drive would have been
so much easier if the threat of industrial unionism, in the form of the New
Zealand Workers Union, had been real rather than latent. Subsequently key
officials resigned and in 1987 the Association was forced to dissolve in favour
of the New Zealand Workers Union. The return of a Labour Government in
1984 and compulsory unionism did not help, nor did a long run dispute with
the Department of Labour (Tipples, I987b).
Society wide frustrations with the Arbitration system had developed from about
1968 and modifications were introduced in the Industrial Relations Act 1973
by the Third Labour government. The succeeding National Government
attempted to prohibit compulsory unionism but was frustrated by union
members who consistently voted in favour of continued union membership in
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union membership ballots. The Fourth Labour Government, elected in 1984,
restored compulsory unionism, but also removed the right to have compulsory
arbitration as part of its deregulatory policies. It took considerable care before
it began to unravel the arbitration system further with the Labour Relations Act
1987, as part of its restructuring agenda, but this piece of legislation began to
put in place' most un-Labour like' policies (Harbridge, 1990).
In terms of agriculture the Labour Relations Act 1987 achieved what had been
first suggested back in 1958. At the time of the Select Committee on the
Labour Relations Bill Federated Farmers argued against the repeal of the
Agricultural Workers Act 1977 because it was already permitting industry
bargaining; because agricultural workers would lose an effective voice if they
were incorporated within larger unions; and because the demise of the
Agricultural Tribunal5 would mean the loss of agricultural expertise and
understanding in determining appropriate conditions in this' ...extremely varied
and geographically far flung industry' (Federated Farmers, 1987). The
campaign of farm workers in 1973-4, which led to the Farm Workers'
Association, was no longer possible, and as a result of the new legislation a
separate Agricultural Tribunal disappeared. All awards became awards of the
Arbitration Commission and the New Zealand Workers' Union became the
registered representative of farm workers. The latter obtained revised awards
from the Arbitration Commission for dairy farm workers; for sheep and wool
farm workers and for other meat, grain, seed, and herbage workers annually
between 1987-1990. In effect the Fourth Labour government modified the
corporatist structures of farm labour relations rather than abolishing them.
Farmers, hurt by the ravages of .Rogernomics', restructuring and deregulation
were ready members of the lobby groups of the New Right which developed
a distinct hostility to the remaining parts ofthe arbitration system surviving the
Labour Relations Act 1987. When the Labour Government was unseated in
81990 they were amongst the keenest supporters of the labour market flexibility
advocated by the New Right. The Business Roundtable argued that the
previous government had not gone far enough in deregulating the labour
market, which was necessary to achieve international competitiveness for
exporting (e.g. Brook, 1990). Farmers, also, as the producers of a large part
of exports, were keen to see the same type of deregulation that they had
experienced since 1984, and which was being advocated by employer groups,
extended to their workforce and that of downstream industries. They
welcomed the Government's' ...bold approach in reforming the New Zealand
labour market.' Further, they supported the proposed moves to provide a
framework for industrial relations' ...where freedom of choice, freedom to
negotiate and security of contract are sacrosanct' (Federated Farmers, 199 J),
and, as small employers, they disliked the . interfering' regulation of a
government imposed system (Boxall, 1993). The 1990 National Government,
N with almost 60 percent of its first Cabinet connected with farming, granted
00
\0 .nearly all employer groups' wishes with the Employment Contracts Act 1991.
It completed the second fifty year cycle of the operation of the Industrial
Conciliation and Arbitration system by abolishing the system, much as the
1932 Amendment Act had completed the first. James Bolger, the former dairy
farmer and Minister of Labour in the Muldoon government, who had been
frustrated in his attempts to repeal compulsory unionism, by then Prime
Minister, was not beaten. The whole system was abolished!
TilE RE-REGULATED FARM LABOUR MARKET: AFTER THE
EMPLOYMENT CONTRACTS ACT 1991
The Employment Contracts Act 1991 went much further than the 1932 Act
because it completely destroyed the Arbitration system which had stood for
nearly a century (Harbridge and McCaw, 1991; Walsh, 1992). Federated
Fanners (Inc.) was the only primary production employer organisation to make
a submission on the Employment Contracts Bill. Essentially they agreed with
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it. The Act itself was very brief compared to the Labour Relations Act 1987.
All trade unions ceased to exist and became Incorporated Societies. Union
registration and the benefits of registration under the Act disappeared. The
requirements to be democratic and fmancially responsible also went and unions
have to operate as one fonn of bargaining agent among many. Awards also
went, to be replaced by individual and collective contracts of employment, but
multi-employer collective contracts were made very difficult to negotiate and
no employer or employee may be included without wishing to be. Individual
contracts do not have to be in writing unless the employee wishes to have a
written record of the contract, when the employer must provide one.
Collective contracts always have to be in writing. When the Act was passed
all existing awards were deemed to become collective contracts.
An Employment Tribunal and Employment Court replaced the Labour Court,
as the forum for legal disputes over employment contracts, disputes procedures
and 'personal grievances'. The latter were advocated by Federated Farmers,
quite pragmatically, to reduce the risks of labour disputes disrupting export
processing industries such as dairy factories and meat works (Federated
Farmers, 1991). Furthermore legal processes ceased to be funded by the state
and became the responsibility of the parties to any action. However, Federated
Fanners did not recognise that such procedures could be applied to them too,
and consequently have not been at all happy with some of the decisions handed
down. Decisions of the Employment Tribunal and Employment Court
requiring the payment of compensation where issues of legal process were
involved have come in for particularly serious comment. Federated Farmers
is to join with the Business Roundtable and the Employers Federation to seek
changes" ...which restore the sanctity and intent of the Employment Contracts
Act" (Rural News, 3 April '1995, p.I).
As the Act was passed lawyers were one of the largest groups advertising their
N
\0
o
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services in territory they had traditionally avoided. In practice they did not
succeed in obtaining much business and trade unions and individuals
themselves have continued to be the most significant bargaining agents
(Harbridge and Moulder, 1992; Boxall and Haynes, 1992). Conditions
suggested by Federated Farmers in their submission made it very difficult for
the New Zealand Workers Union to be recognised as a bargaining agent by a
significant part of the farm labour force. As a union which had depended on
the repealed .arbitration' rules the New Zealand Workers Union was
particularly disadvantaged by the new legislation. Some loss of rural
membership was anticipated but the extent of the loss of membership is
unknown because the registration procedures for unions have been scrapped
and they are no longer required to report annually on the extent of their
membership. To combat these problems, and rationalise union structures in
accordance with the policy of the C.T.U., the New Zealand Workers Union
amalgamated with the New Zealand Labourers Union in July 199 I to form the
New Zealand Amalgamated Workers Union (Roth, 1991). The amalgamation
was not particularly stable and some of the union officials made redundant in
the merger became independent bargaining agents competing with their former
union, particularly in the shearing trades and among tobacco workers.
Subsequently the New Zealand Union has dissolved. It divided into Northern,
Central, and Southern Amalgamated Workers' Unions. The Northern Union
consists largely oflocal authority labourers; the Central A.W.U. of drivers; and
the Southern Union of a mixture of agricultural, horticultural and local
authority workers. Agricultural representation, which was never strong,
appears to be sharply diminished (Harbridge, pers.com., 1994), but the
Southern Union claims some 800 rural members and 400 signatories to the
most recent shearing contract (Fisher, pers. com., 12 June 1995).
Many awards were renegotiated just before the Act came into force in an
attempt to preserve as many established conditions and pay rates as possible.
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In this situation the Shearers managed to negotiate another award which lasted
for 4 years, whereas many other farm awards were not renewed. Some of the
horticultural awards were renewed because the employers, particularly
fruitgrowers, did not wish to be the first to have to negotiate under the new
conditions. Consequently, the renegotiated award/collective contract did not
expire until nearly one year after the Act came into effect. A collective
contract must indicate its term and when that concludes each individual worker
is covered by an individual contract which has the same terms as the original
collective contract unless the worker has agreed to vary it. Some employers
have attempted to lockout staff to get them to agree to terms favourable to
their employer and that is a legal procedure. So far this does not appear to
have happened in the farm sector, perhaps because there are very few
collective contracts to begin with, and those on individual contracts could
already have been' squeezed' by an unscrupulous employer who chose to do
so. Shearing has had one further 2 year collective contract, and the Southern
A.W.U. are currently attempting to negotiate another.
In 1989 agriculture was identified as the sector having the highest incidence
of low pay. However, vastly different rates of pay were masked within the
broad agriculture industry (Brosnan and Wilkinson, 1989). Underlying all
individual and collective contracts is the residual informal code of minimal
employment conditions. This is in the form of a number of statutory measures
specifying the minimal conditions permitted (Brosnan and Rea, 1991). For
example, the Minimum Wages Act 1983, revised by a National Government,
led to the minimum rate of pay being raised to $6.125 per hour by the fourth
Labour Government and $6.25 by the National Government in 1994.
However, this' code' appears to be better than it really is because it depends
for enforcement on the individual worker, or their bargaining agent, taking
their complaint to the Labour Inspectorate. The Inspectorate has only 10
Labour Inspectors and 8 Information Officers to cover the whole of New
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Zealand. For a breach of contract an individual worker may claim a 'personal
grievance' before the Employment Tribunal or Court, but at their own expense,
risking costs if the case is ruled against them, and if they are prepared to take
on the intimidatory atmosphere of a legal tribunal.
Because new collective contracts do not have to be registered with an
Arbitration Commission it is now very difficult to monitor what is happening,
particularly in the primary sector where collectives are most unlikely. Only
when a collective contract covers more than 20 workers does it have to be sent
to the Department of Labour for statistical purposes. The Minister of Labour
has used the resulting data to claim that the Act was working when it only
related to some 23 percent of the employed labour force and 1,646 collective
contracts lodged with the Department of Labour (Department of Labour, 1995).
Further, there does not appear to be any penalty for failing to lodge a
N collective contract which applies to more than 20 workers. By 1993 only 13
\0~ collective contracts had been reported, covering 400 workers in the
agricultural/horticultural sector and 10 of the 13 are with just two companies
(Harbridge, 1993). Harbridge has estimated also that only some 4,000
workers were covered compared to nearly 17,000 in 1990-1 under the Labour
Relations Act. In February 1995 Contract reported only 18 contracts in the
Agriculture, Forestry and Fishing sector related to 3,355 employees.
To establish what was happening to farm employment relations following the
Employment Contracts Act 1991 exploratory research on new employment
contracts in 1991-2 and 1994-5 was conducted by means of self completion
surveys of Students' Required Practical Work at Lincoln University (Tipples,
1995a). Students were asked about any work they had done during the
summers of 1991-2 and 1994-5. For almost all students registering in 1991-2
such work would have been under new employment contracts following the
passage of the Act in May 1991. In 1991-2 268 worked in agriculture or
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horticulture; in 1994-5 310.
While the Act required employers to provide a written record of an
employment contract, if requested by an employee, few in the agricultural
sector (1992: 6 percent; 1995 8 percent) were requesting one. The evidence
suggested few were prepared to risk their employment by making such a
request. More were requested in horticultural jobs (1992: 4 percent; 1995: 15
percent). More written contracts were being provided than requested
(Agriculture - 1992: 14 percent; 1995: 16 percent. Horticulture - 1992: 25
percent; 1995: 29 percent). Both employers and employees seemed to find
they had advantages because they helped to clarify the expectations of both
parties to employment contracts (e.g. Tipples, 1995b). In 1995 wages were
also very low with 29 percent of employees in the agricultural sector receiving
wages less than those required by the Minimum Wages Act 1983. In contrast
some farm jobs were relatively highly rewarded. Anecdotal evidence and
newspaper advertisements indicate plenty of dairying jobs available and rates
are reputed to be over $10 per hour.
Recent British research suggests that statutory minima can have a significant
positive impact on the average eamingsof the agricultural workforce, and
compress the earnings distribution as the impact of the minimum is strongest
at the lowest end of the earnings distribution. Such an increased minimum had
no significant negative effects on agricultural employment. If anything there
was the suggestion of an association between employment and the toughness
of the minimum wage. Minimum wages had had no injurious effect on the
agricultural labour market (Dickens et al., 1995). Similar results have been
reported in the United States for other sectors of the economy (e.g. Card, D.
and Krueger, A., 1994).
Summer and the exigencies of farming continue to require long hours of work
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too. Two thirds of agricultural workers reported working more than forty
hours per week and weekend work, but few received penalty rates of pay. In
horticulture less extra hours were reported and higher rates of pay for extra
hours and weekend work were received more frequently, but the proportion fell
from 28 percent in 1991-2 to 21 percent in 1994-5.
More recent nationwide research suggests over half of employers (51 percent)
have done very little by way of changes under the Act, and this category was
over-represented amongst the smallest employers. Of the remainder half again
(one quarter of all employers) were cutters of pay and conditions, of union
rights, or of overall expenditure (Department of Labour, 1993).
Both of these pieces of research suggest that little has probably changed in the
fanning sector since the passage of the Act. While there is some informal
~ evidence of exploitation, most employers appear to have proceeded as before,
N . ignoring the rhetoric of the Employers' Associations to obtain the full benefits
of the flexibilities made available to them by the Act.
CONCLUSIONS
Hyman (1994), in a recent review of industrial relations in Western Europe,
posed four questions:
I. To what extent is management initiative the new driving force in
industrial relations?
2. To what extent are traditional models of trade unions in crisis?
3. Is there a decisive trend towards deregulation?
4. Is a disruptive process of decentralisation the overriding dynamic
of contemporary industrial relations?
(Hyman, 1994, 3)
The same four questions can be asked concerning the evolution of fann
employment relations in New Zealand.
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New Zealand is an agricultural exporting country and has been since the early
days of colonisation. The creators of that rural export wealth have been very
reluctant to share it with their employees, who in 1989 were described as
having the highest incidence of Jow pay of any New Zealand industry. By
means of an occupational dominance in the legislature, which has been made
up of approximately 30 percent farmers since 1908, increasing or decreasing
with changes of government, the labour market has been progressively
deregulated since 1973. In 1993, following the Employment Contracts Act
1991, the most comparable state in New Zealand history to the present one is
the one that existed before the introduction of arbitration in 1894. Essentially
there is now a relatively free and unstructured labour market for farm
employees. While agriculture is no longer a special case with its own
particular employment relations legislation, the national framework now
reflects much more the views of the principal farmers' organisation. To the
extent that the Business Roundtable, Employers' Associations and Federated
Fanners represent 'management initiative' they have been shown to be key
actors in the re-regulation of farm employment. However, their rhetoric and
the freedoms for employers they have advocated do not appear to have been
widely adopted by individual fanners.
Traditional trade unions appear to be less relevant in agriculture than they have
ever been. Employees do not seem to welcome them in situations where they
might have some leverage, such as the new large-scale fruit production
enterprises, where the crop has to be produced at exactly the right time to take
advantage of best crop and marketing conditions. Furthennore, the
increasingly family nature and feminisation of the farm labour force do not
make for a fertile recruiting ground for union organisers. Nor does the
ambiguous class position of the typical fannworker who aspires to own his
own fann. The depression which has affected the industry since the mid 1980s
led to declining fann prices after a very rapid increase. There seems to have
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followed a period of consolidation with existing farmers active in the land
market (Fairweather, 1992). The desire to own a farm may now be more
realistic than it has been for years, especially in the dairy sector where there
is an established route to ownership via contract and sharemilking. The
Amalgamated Workers Union, as the successor of the traditional farm sector
Labourers' and Workers' unions has self-destructed. Not only is the current
legislation loaded against collective activities but the whole fabric of the
arbitration system on which they depended has been destroyed. Therefore it
may be concluded that traditional New Zealand farming trade unionism is
indeed in crisis. Only in Britain has the' Messianic zeal' (Hyman, op. cit.) of
the Thatcher and succeeding Conservative governments been so concerned to
make life difficult for trade unions and de-institutionalise industrial relations.
The third and fourth questions are answered together. Deregulation, or rather
N re-regulation in the terms of this paper, has been the predominant feature of
\0
W farm employment relations over the last ten years. It has been co-ordinated
with a systematic attack on the centralised and collective processes of
determining farming pay and conditions in favour of individualised
employment contracts. Awards were succeeded by collective contracts and
then those collective contracts degenerated in the passage of time to individual
employment contracts.
THE FUTURE
While farmers influence in Parliament has fluctuated in the years since 1970,
when Gardner addressed the subject, it is interesting to speculate by how much
it will be reduced as a result of the electoral decisions which favour the
introduction of proportional representation in 1996. In a more urban
Parliament, with proportional representation, would similar 'New Right'
legislation be enacted, making the existence of lawful trade unions and
collective bargaining almost impossible?
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If trade unions, formed originally in class warfare, are unacceptable, can a
better way of guiding employment relations be found? Enlightened workplace
relations of the form foreshadowed at the Workplace New Zealand -
Designing the Flltllre Conference in 1992 would appear to be essential. One
pre-requisite for them would be the recognition that while the interests of the
parties may be different they have more chance of reaching a cooperative
understanding if those differences are recognised and accepted as legitimate.
With both farmers and farmworkers living in such close proximity, in
situations in which they perceive themselves to have more in common than
with urban residents, the recognition of having legitimate differences could be
the beginning of a renaissance of improved rural employment relations.
The downstream processing sector in the dairy industry is already experiencing
marked improvements in employment relations following a disastrous strike in
1989. The employers, cooperatives of dairy farmers, and the New Zealand
Dairyworkers Employees' Union, have pragmatically recognised that a similar
strike would be disastrous financially and environmentally, and that radical
workplace reform is the only way to long term international competitiveness
and marketing success (Workplace New Zealand, 1992; Perry et aI., 1995).
However, the success of these reforms has been questioned recently because
of the changeover in personnel since the reforms began, but these suggestions
were quickly denied by a dairy employers' delegate (NetWORKNews, I I,
Feb/Mar 1995; and 12, April/May 1995).
Farmers with large dairy herds [more than 500 cows] have recognised the need
for enlightened employment relations too because of the vulnerability of their
enterprises to any form of disruption. They are working actively, but at an
individual level, to improve employment relations and conditions for their
employees (Fairweather, 1994). A return to collective setting of terms and
conditions appears to be most unlikely. There does not appear to be any desire
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in New Zealand society to develop collective activities generally and individual
independence remains highly prized. At the individual level an employer can
probably do most to improve the chances of an employment relationship
succeeding by adopting a policy of explicit Contracting (Tipples, I995c).
Such a policy is predicated on the assumption that the success of an
employment relationship is based on the explicit understanding of employment
expectations. It involves a full exchange of understandings about the parties'
expectations, pre-employment and during employment, and the use of explicit
plain language contracts.
While the dairy sector is exhibiting promising signs modern corporate fruit
production enterprises still have to go through the trauma of industrial
disruption to realise their need of radical workplace reform. However, the
employment relations regime existing in New Zealanq, along with the seasonal
~ and climatic advantages of the country as well as ready access to the countries
~ of the Pacific Rim, is seen as one of the factors which led to the multi-national
Heinz corporation acquiring the New Zealand food processor J. Wattie
Canneries Ltd. International finance capital has begun to exploit the weakened
position of the New Zealand farm and horticultural worker.
ENDNOTES
I. Dr Sandra Martin of the Department of Farm Management and Dr John Fairweather
of the Agribusiness and Economics Research Unit, Lincoln University, read and made
constructive comments on an early draft of this paper. It was originally presented at
the Seventh Conference of the Association of Industrial Relations Academics of
Australia and New Zealand, University of Auckland, January 1993. Then the referees
of Sociologia Ruralis made valuable comments, which were incorporated while the
author was on Study Leave at Griffith University, Queensland, Australia. My hosts
there, Professors Peter Brosnan and Michael Quinlan, read the edited manuscript and
made further useful suggestions. Finally this version was prepared after my return to
Lincoln in an attempt to bring the paper up-to-date for its first presentation to an
agriculturally oriented audience at the 1995 conference of the New Zealand
Agricultural Economics Society.
2.
3.
4.
5.
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Fairweather's view of the data have to be modified by Gouin, Jean and Fairweather
(1994) who, based on the most recent statistics suggest that the figure for farm
employment should be around 130.000. However, they are not suggesting a growing
farm population but rather a statistical artifact with changing census questions and
directions.
I first became aware of this three phase distinction. with the third phase being one of
re-regulation when reading Peter Brosnan et at. 's working paper on Labour Market
Segmentation (Brosnan et al., 1991, 30). I have adapted their general model to the
farming labour market.
In this context agriculture refers to farming other than pastoral farming (e.g. mixed
farming, dairy, arable etc) while pastoral farming refers to sheep grazing and wool
production.
The Agricultural Tribunal was created by the Agricultural Workers Act 1977 for all
forms of agricultural and pastoral employment not covered by the Industrial Relations
Act 1973. It comprised a judge and employer and employee assessors from the
industry. Its primary task was to arbitrate and register awards for its defined
categories of work [See Tipples 1987a].
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AN ECONOMIC COMPARISON OF DRY LOT AND
PASTORAL DAIRY FARMING SYSTEMS IN NEW ZEALAND
Warren J Parker
Department of Agricultural and Horticnltural Systems Management
Massey University
Palmerston North
ABSTRACT
Dairy production in New Zealand is often quoted as being low cost. but this is almost always
with reference to the direct costs of production. Less attention is paid to the total capital
invested, the earning rate of this capital or to other indicators of overall financial performance.
This paper presents an analysis of the profitability of a pasture-based New Zea'and dairy'ing
system (GRAZING) relative to a high input system incorporating Northern Hemisphere dry'lot
production technology (DRYLOT). Both systems produced the same quantity of milksolids
(MS. 4& 125 kg) and capital requirements and livestock numbers were adjusted to meet this
targct. The GRAZING system was based on an averagc New Zealand herd situation (i.e. 170
milking cows, 2&3 kg MS/cow). Milksolids production per cow for the 71 milking cows in the
DRYLOT systems was 680 kg per lactation. Wholefann cash budgets Ilere prepared to
estimate the potential cash surplus and return on capital (RoC) for each system. Total working
expenses were higher ($118,796 vs $85,435) for the DRYLOT sl·stem. despite substantiallv
fewer cows. because of the need to purchase feed The respective estimakd cash surpluses.
aficr debt servicing. tax. personal drawings and capital expenditure. \\-ere $3.738 and $8,40 I
for the GRAZING and DRYLOT systems. The RoC lIas 4.04 and 681 '~;, on capital of
$1,024, I 00 and $392.930, for the pasture and dry lot systems. respectivelv The main reason
for the low RoC from pastoral dairying is high land prices. \\hich also restrict the rate of new
entrants into farming.
Key words: Dairy' systems. grazing. drylot. land priccs.
INTRODUCTION
low labour costs, obtained through high numbers of cows per labour unit (Parker and Muller
1992). Combined these attributes of pastoral dairy fanning generate low direct costs for milk
production.
In comparison, feed and labour costs for dairy production systems in Northern Hemisphere
countries are high (Parker and Muller 1992, Murphy 1993) and these systems initially appear
to be unprofitable in the New Zealand context. However. the steady increase in dairy land
values since 1990 (Parker and Rauniyar 1995). and the limited remaining potential within
pasture-only systems for leading dairy farnlers (Bryant 1990), has highlighted the need to
explore alternative ways to produce milk in New Zealand. One strategy is to utilise the
substantial untapped genetic potential of New Zealand dairy cows for milk production by
adopting the principles of nutrition widely used in Northern Hemisphere indoor feeding systems
(Edwards and Parker 1994). Higher milk yields per cow would dilute feed maintenance costs
and improve the utilisation of fann facilities (Parker and Edwards 1994). Associated industry
benefits would be achieved through longer lactations and improved shoulder milk production.
Pasturc-only systems represent one end of the spectrnm of feed management and arc commonly
adopted in New Zealand (Bryant 1993): "cut and carry" indoor systems (dry'lot or confined)
represent the other extreme and arc widely used in the Northern Hemisphere Ilhere elimatic
conditions frequently confine cows to indoor feeding for some or all of the year. This paper
presents an analysis of the profitability of traditional New Zealand dairy' farming systems
relative to a "higher input" (i.e. feed) dry'lot alternative to estimate the total costs of milk
production and the rate of return on capital for both systems.
CASE STUDY METHOD AND RESULTS
Cash budgets were prepared for a traditional pasture-based New Zealand dairy'ing system
(GRAZING) and an intcnsive high input fceding system (DRYLOT) The GRAZING system
was based on an average New Zealand herd situation (i.e. 170 milking cows. 283 kg MS/cow)
(LIC 1994). It was assumed that both systems produced the same quantity of milksolids (MS,
48125 kg); capital requirements and livestock numbers for the DRYLOT farm werc adjustcd to
mcct this target. Milksolids production per cow for the 71 milking cows in the DRYLOT
systems was 680 kg per lactation (Table I). This production is regularly acLleved in the
United States with appropriate nutrition and a good standard of management (Parker and
Mullcr 1992).
Milksolids production and number of cows for the GRAZING and
DRYLOT dairy systems.
A commonly quoted cornerstone of dairy' production in New Zealand is 10\\ cost production
(Guy 1993, Bry'ant 1993). This can be supported by a contparison of milk production costs for
countries with competing dairy industries (e.g. Parker and Muller 19lJ2. Murphy 19'13).
However, these analyses almost always refer to the on-fann variable costs of production. rather
than the total capital invested, the eaming rate of this capital or to other indicators of overall
dairy fann business perfonnance.
Feed costs shown in the budget for New Zealand pastoral dairy' fanning systems arc usually
low and typically includes expenditure on supplementary' feed. ofT-farm grazing and calf
rearing (Parker 1993). The cost of growing pasture. the main feed source. is accounted for
indirectly through fertiliser inputs. repairs and maintenance expenditure on subdivision.
raceways and water reticulation, and pasture renewal. Low feed costs are complemented by
Table I
Total MS (kg)
Number of cows
Number of replacements
Land (ha)
MS per eow (kg/lactation)
Milk per cow (Ii/lactation)
Lactation days
GRAZING
48,125
170
44
70
282
3,330
240
DRY LOT
48.125
71
18
20
680
8.000
305
A breakdown of the capital components of the GRAZING and DRYLOT busincsses is shown
in Table 2. The major capital expense for the GRAZING system is 70 ha of land. In contrast.
only 20 ha of land would be necessary for the DRYLOT system and while this need not be of
high quality for dairying, it should allow for effluent disposal. Livestock capital requirements
are significantly lower for the DRYLOT system because of the smaller herd (Table I).
Machinery costs for the DRYLOT faml were assumed to be minimised through the usc of
contract services for feed delivery and storage.
Table 3 Cash budgets (1992/93) for the GRAZING and DRY LOT dairy farm
systems.
GRAZING DRY LOT
Unit Unit
value Total value Total
Quantity ($) ($) Quantity ($) ill.
Re"enue
Milksolids (kg) 48125 3.15 151594 4XI25 3.53 169881
Cull cows 37 539.00 16317 15 657.00 9X55
Calves - private 50 100.00 5000 34 120.00 40XO
- bobbies 60 55.00 3000 17 65.00 1105
Bull I 636.00 636 0 636.00 636
Totlll revenue 176847 185557
Flirm Working Expense.• ($/cow) ($/cow)
Wages (non-family) 20.00 3400 20.00 1400
Livestock purchases 3.74 636 X.96 636
Animal health 36.00 6120 40.00 2X40
Brccdingiherd test 22.00 3740 27.00 1917
Dairy shed 13.50 2295 20.00 1420
Electricity 21.50 3655 2700 1917
Feed 120.00 20400 1375.00 97625
Fertiliser 104.00 17660 0.00 0
Freight 5.50 935 5.50 391
Weed and pest 8.00 1360 5.00 355
Rcpairs and maintenance 75.00 12750 75.00 5325
Administration 70.00 11900 70.00 4970
Totiliworking expenses 502.56 85435 1673.18 118796
12000
1500
15000
74500
50000
15000
97200
50000
8200
12000
1200a
5 m"
70 ha 816900 20 ha 30lX30
70 hp
GRAZING DRYLOT
Description Total ($) Description Total ($)
Capital requirements for GRAZING and DRYLOT dairying systems
(1992/93).
Item
Table 2
Llind lind improvements
Machinery
Wheel tractor
Four wheel bikc
Silage wagon
Drum mower
Grain augcrs
Sundry
Total Machinery
Livestock
Mixed agcd cows In Inooo 54 64XOO
Rising 2 yr hfrs 42 37X00 17 17000
Rising I yr hfrs 44 24200 IX 10800
Toto/livestock 190000 92600
Total capital //04100 472930
Per cow wintered 6495 666/
N
\0
00
'Value at 30lkg MF ($ I7lkg MS) includes a 3 bedroom homc and siandard dairy farm
improvements.
bLower quality land with 3 bedroom home. ncw 10 bail cowshed, two 50 t silos, two 125 t
silage pits and one 2000 bale haybam.
Debt servicing' 269.94 45391 2X2.11 20030
Tax 31.0X 5283 144.21 10239
Personal drawings 147.06 25000 352.11 25000
Capital/Improvements 70.59 12000 70.42 5000
The individual revenue and expenditure items for each dairy system were estimated by
preparing whole farm cash budgets (Table 3). The GRAZING budget was based on
information published in MAFPol Monitoring Reports (MAFPOL 1993), the Lie dairy farm
survey (LiC 1994) and the Lincoln Farm Budget Manual (Fleming and Burtt 1993). The
DRYLOT production system had a calving pattern independent of pasture growth and was
therefore able to maximise milk returns from out-of-season premiums ($3.53lkg MS vs
$3.15lkg MS for GRAZING). Livestock revenue is lower for the DRYLOT system because
fewer animals are available for sale (e.g. 15 vs 37 cull cows per year), but per head values are
slightly higher because of the larger animals farmed (cow liveweights were assumed to be 550
kg vs 450 kg for the two systems respectively). Overall farm revenue was higher for the
DRYLOT, than the GRAZING, system ($IX9,557 vs $176,847) because of the dominant
influence of milk sales.
Cash Surplus 2/.99 3738 1/8.33 840/
'Includes interest and principal; assuming debtasset ratio = 0.35 and r = 10%.
"Taxable income = Total revenue - (faml working expenses + interest + depreciation) x tax rate.
Farm working expenses per cow were increased for the DRYLOT system to accollnt for thc
effects of a longer lactation; (240 vs 305 days), more animal health inputs and fccd purchascs
(Table 3). Feed costs were estimated from an allocation of 5500 kg dry matter (OM) per cow
at 25c kg OM (e.g. maize, silage and pasture silage at 14-17clkg OM in thc stack, plus
additions of a balancer at 53clkg DM). Replacement animals and dry cows were grazed on the
18 ha (effective) of pasture (average stocking rate ca. 2 animalsfha); this represents an
important local advantage over Northern Hemisphere systems where replacement animals arc
usually raised on stored feeds. No fertiliser was required for the DRYLOT system because of
the net import of nutrients to the fann through feed purchases (in fact potential cxists to sell
nutrient waste as fertiliser). Nevertheless, total faml working expenses wcre greater for the
ORYLOT, than the GRAZING, herd ($118,796 vs $85.435) because of the need to purchase
feed.
The RoC calculations for the GRAZING farm is primarily aflceted by land costs and MS
returns (Table 6). A RoC similar to the bank deposit rate would not be achieved unless land
prices were substantially lower than in 1992/93 (e.g. to achieve a 7.25%. RoC for the Table 3
cash budget, land values would need to be equivalent to $7.15/kg MS).
Effect of changes in milksolids (MS) price and cost of feed on the annnal
cash surplus for the DRYLOT dairy system.
Table 5
MS price ($/kg)
3.25 3.53 3,65
0.25
I
-699 8329 1219R
0.35
-26863
-ln35
-13965
0.45
-53026
-4399R
-40129
The total cash surplus for the GRAZING system. after meeting debt servicing 0)% of the total
asset value), tax and personal drawings. was $373R. The cash surplus for the DRYLOT
sy~tem was $R329, after allowing for the same debt:asset ratio and similar per cow expenditure
on capital improvements.
The RoC calculations (Garland 1992) for the GRAZING and DRYLOT farms are summarised
in Table 4. A 4.04% RoC was achieved by the GRAZING system on $1.024.100 capital
employed (excluding the homestead) and an economic farm surplus (EFS) of $41.412. The
RoC for the DRYLOT system was 6.R 1% on less capital ($392.930). but a proportionately
greater EFS ($26,762). The direct costs of milk production (i.e. farm working expenses) were
70c/kg MS lower for the GRAZING system. but the capital requirements pcr kg MS wcre 2.6
times greater for the pasture. than the DRYLOT. f.~nn ($2I.2R vs $R 16) The total cost of
milksolids production was $3.0) kg for thc GRAZING situation versus $3.6R for the
DRYLOTfaml
Table 4 Capital invested, revenue and expenditure ($), and return on capital for
GRAZING and DRY LOT dairy farm systems.
Table 6 Effect of different land (expressed as $/kg MS) and milksolid prices on the
return on capital ('Yo) for the GRAZING dairy system.
Clearly, a number of major assumptions were made to derive the DRYLOT budgets. The cash
surplus is particularly sensitive to the MS price and feed costs, as illustrated in Table 5. The
breakeven feed cost. for the assumptions Sh0\\11 in Tables I and 2, is 29 c/kg DM. Unless a
farm was strategically located to access low cost industry by-products. maize or pasture silage
or other low cost feeds. this feed price could be difficult to achieve. However. some economies
of scale for the significant quantity of feed involved could probably be expected.
The comparison of GRAZING and DRYLOT dairy systems indicates that milk is produced
less expensively by using grazed pasture. The DRYLOT system is highly sensitive to feed
costs and MS return and, given the market and exchange rate volatility in payouts to dairy
famlers, offers less flexibility to fanners to adjust expenditure in order to maintain a cash
surplus. However, the analysis also illustrates the high capital cost, and low RoC for pastoral
dairy farming, due to high dairy land values. During some periods (e.g. 1991-(3) capital gains
could have compensated for the low RoC if the farm had been sold, but land values have also
depreciated during periods of low MS returns (e.g. 19R7 - 19R9). Besides farming for capital
gain, rather than eamings from production, is speculative and not conducive to the long-term
health of the dairy industry; first because high capital costs makc it more difficult for young
farmers to enter the industry (Parker and Rauniyar 1995) and second because the relative
international competitiveness of the industry is .eroded (e.g. Tasman Agriculture's decision to
invest in Tasmania).
tv
\0
\0
Land and improvements
Less House
Plant and Machinery
Livestock
Total
Total revenue
Farm working expenses
Faml surplus
Less Wages of management
Depreciation
Economic Faml Surplus (EFS)
Return on capital (%)
Other indices
Fann working expenses per kg MS
Land and improvements per kg MS
Total costs per kg MS
GRAZING
R16.900
RO,OOO
97.200
190.000
J,OU,JOO
176,R47
R5.435
91.412
25,000
25.000
41.412
4.04
$176
$21.2R
nos
DRYLOT
30l,R30
RO,OOO
?R.500
92.600
392.930
I R5,557
II R,796
66.762
2).000
15.000
26,762
6.R I
$247
$R 16
$368
Land price
($/kg MS) 3.00
17 (30r 3.33
20 (35) 2.92
25 (44) 2.42
'Figures in brackets arc $/kg milkfal.
MS price ($/kg)
3.15
4.04
3.54
2.95
DISCUSSION
3.50
5.6R
4.9R
4.13
High land prices, which are a function of the dairy industry structure and competition for
dairying land by the horticultural sector in particular, are making it more difficult for existing
farmers to enlarge their farming operation through land expansion. Historically larger fanns
and herds, combined with labour-saving teehnologics (e.g. cowshed design. raceways.
motorbikes) and a dependence on pasture, have enabled dairy fanners to compensate for the
long term real decline in MS retums (Holmes 19R9. LlC 1994). Some of these options have
bcen exhausted (Bryant 1990; Edwards and Parker 1994), and this is putting pressure on the
viability of small- to medium-sized family dairy farms (Parker and Rauniyar 1(95). There arc
v.>
o
o
already two large dairy fann corporates in New Zealand, and some individual farmers now
control several fanns and hire labour through a manager or sharemilker. Thus, the
demographic structure of the dairy industry is changing to fewer farms and fanners.
Ultimately, the eorporates can be expected to seck more processing and marketing
independence, and this could put pressure, along with the land issues discussed previously, on
the single-seller status of the New Zealand Dairy Board.
Three other factors should be noted in related to the DRYLOT vs GRAZING analysis. First. a
strengthening exchange rate would ceteris porih/ls reduce the cost of feed imports, and
provided the stronger New Zealand dollar is countered by greater rcturns for dairy products
through GAIT and greater value-added activity. increased usc of feed supplements would
become more profitable (Parker and Edwards 1994). Second, the adoption of larger off-peak
premium payment systems by dairy companies in the future to rcduee the seasonality of milk
flow, will also improve the viability of using non-pasturc feeds on New Zealand dairy farms.
Third, feed supplementation strategies could be used to produce milk to specification for
manufacturing (e.g. whiteness or flavour) for high value 'niche' products. Some of the
earnings for these products should be returned to the farmer to compensate for additional on-
fann feed costs.
CONCLUSION
The results of the aimlysis of grazing vs intensive feeding systems for milk production highlight
the current high prices for dairy land. The RoC for pastoral dairy farms is low and total costs
of production production per kg MS are ea. 70% greater than direct costs. While milk
production costs for pasture systems are lower than those for a confined feeding system. there
is no room for complacency with respect to improving the physical and financial efficiency of
dairy production in New Zealand because the technology for grassland systems is being
adopted and enhanced by competitors in other parts of the world (e.g. Phillips 1994). The
analysis confinns the value of grassland farnling in New Zealand but it also indicates that
alternative feeding technologies and management systems could have a role in the dairy
industry.
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THE PROFITS FROM SHAREFARMING
AN EX-POST STUDY
R.D. Plank
Senior Lecturer in Farm Management
Department of Farm and Horticultural Management
Lincoln University
In 1990 the Property Management Service at Lincoln University held a Seminar on 'Equity
Financing in New Zealand Agriculture'. The main objective of this seminar was to encourage
equity financing in traditional sheep and cattle farming at a time when sector ofNew Zealand
agriculture was suffering from low income and low levels of investment. One of the papers
presented at these seminars, outlined the advantages ofsharefarming and suggested that with
low land and stock prices, 1990 was an ideal time to establish sharefarming arrangements
on sheep and cattle farming. The following paper considers what would have happened to an
investor and a sharefarmer if they had purchased a typical breeding!fallening sheep and
cattle ill the Autumn of 1990 andfarmed it through 1,lllil the terminatioll of the contract, and
the sale of stock, plant and land, five years later, in the Awumn of 1995. The results confirm
that the land owner would have made a very high return on his/her investment, while the
profits to the sharefarmer, despite improved prices for meat and wool, would have been much
more modest. The:ve results suggest that for sharefarming with sheep and cattle to succeed,
something lIeeds to be done to allow the sharefarmer to share in some of the profits that can
occur from land ownership.
~ The Lincoln University Property Management Service was established in 1978 to provide
~ standard agreements for people involved in non-dairy, sharefanning, farming partnership and
farm leasehold agreements. Promotion and research are important secondary roles for the
service.
In June 1990 the Property Management Service held a seminar in Auckland on 'equity
financing' in New Zealand Agriculture. The purpose of this seminar was to promote the use
of equity funding in the purchase and development of farming and horticultural business's at
time when high interest rates and low profits made it difficult for fanners and those involved
in horticulture to borrow sufficient funds on mortgage or overdraft.
One of the papers at this seminar (Plank 1990) looked at the role of sharefarming on
traditional New Zealand sheep and cattle fanns. Sharefanning was selected because it is an
excellent example of an equity funding arrangement, it is common in world agriculture, and
through sharemilking is a well established and successful system of equity sharing in the New
Zealand dairy industry.
The sharefarming system examined was where Ihe land owner provides land and buildings
and the sharefarmer stock and machinery, labour, and management. Income is shared 50:50
and expenditure under rules similar to those outlined in Schedule 2 (attached). Most
agreements are for 3 to 5 years. An example of a typical sheep and cattle sharefarming
proposal is detailed in Schedule 1.
The farm used in the example was a typical sheep and cattle fann. The fann size, the number
of stock and the production levels were adapted from, and were similar to, the Class 6 fanns
in the NZ Meat and Wool Boards' Economic Service Sheep and Beef Fann Survey. Class 6
is classified as 'S.I. Finishing/Breeding'. Many similar fanns were, and are, found in
Canterbury, Southland and many parts of the North Island.
The cost of land in the example was estimated at $150 per stock unit. At the time, depending
on locality, similar farms were selling for $110 - $170 per SU(VNZ 1990). Stock and plant
prices were based on those ruling in the autumn of 1990.
In the 1990 paper a detailed estimate of income and ell.penditure was included to illustrate the
returns that both land owner and sharefarmer could expect from their investment in this
typical farm business. The product prices used in the analysis were estimates of prices for
the 1990/91 season and fann expenditure was adapted from the NZ Meat and Wool Board
Survey of actual fann costs. Both income and costs were assumed to be achievable by an
above average farmer interested in maximising profits.
The division of income and expenditure between sharefanner and land owner (Schedule 2)
was identical to that used in the Property Management Service standard sharefarming
agreement, and very similar to the division of income and expenditure used in sharemilking
agreements in the dairy industry. To ensure that the final farm surplus represented a tfile
return on the capital invested, before tax, expenditure did not include interest or debt
repayment, but did include wages of management for the sharefarmer.
The 1990 analysis confinned that the estimated return to the land owner at approximately 8%,
was realistic, and comparable to the returns from similar investments in other sectors of the
economy. It was also considered that the land values would increase at, or better, than the rate
of inflation ensuring that the 8% remained a 'real' yield.
Sharefanners are more interested in the actual cash surplus than the yield on capital invested.
Most have a debt and use the cash surplus to meet interest and repayments. In the 1990
example the sharefanner's cash surplus was sufficient to meet interest ;iI1d repayments on
$80,000 of debt over the assumed 5 years of the contract.
The cash surpluses' were sensitive to changes in the prices of major products, with the
sharefarmer's returns being more sensitive that the land owners. This was to be expected. The
sharefarmer has less capital invested but accepts more risk. In a good year he/she would have
significant increases in profit, but in a bad year would have an equally large reduction.
In conclusion it was felt that with land prices just beginning to recover from the low prices
of the late 1980s and with increasing confidence in the probability of increases in the price
of lamb and beef, 1990 was an excellent time for an investor to consider buying a traditional
sheep and cattle farm. By buying land and forming a partnership with a sharefarmer he/she
would have an equity involvement without any day to day management responsibilities. The
income from the investment would be dependent on the profits from the farm but over the
longer tenn the capital is secured by the assumption that fann land would retain its 'real
value',
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1. Land Owner
Income: 1990/91 1991/92 1992/93 1993/94 1994/95
Sheep 38220 37260 48000 54960 45710
Wool 40500 38180 34460 33970 44410
Cattle (Profit) 7500 8400 9470 8800 7590
Total Income: 86220 83840 91930 97730 97710
Expenditure:
Fertiliser 9000 9950 13630 13710 11780
Rep & Maint 8000 7750 8850 9320 8530
Others 17750 18010 19830 19590 19540
Total Expenditure: 34750 35710 42310 42620 39850
Cash Surplus: 51470 48130 49620 55110 57860
2. Sharefarmer
Income: 1990/91 1991/92 1992/93 1993/94 1994/95
Sheep 38220 37260 48000 54960 45710
Wool 40500 38180 34460 33970 44410
Cattle 7500 8400 9470 8800 7590
Total Income: 86220 83840 91930 97730 97710
Expenditure:
Fertiliser 2000 2210 3030 3050 2620
Rep & Maint 1500 1450 1650 1740 1590
Others 64350 65280 71880 71020 70830
(Including Drawings)
Total Expenditure: 67850 68940 76530 75810 75040
Cash Surplus: 18370 14900 15400 21920 22600
Table 2 - Income and Expenditure Summary and Analysis
For a new farmer/manager sharefarming was seen as a method of entering agriculture for a
relatively low capital cost. The sharefarmer would have a significant management
responsibility and the opportunity to accumulate additional capital through both debt
repayment and increased value of stock and plant.
It is now 1995. The remainder of this paper will consider what would have happened to both
land owner and sharefarmer if a proposal similar to that outlined above had proceeded on a
5 year sharefarming contract from 1 July 1990 with the termination of the contract and the
sale of land, stock and plant on 30 June 1995.
The original 1990 capital cost of land, stock and plant plus the 1990 estimate of income and
expenditure for both land owner and sharefarmer form the basis of 1990/91, year one, in this
5 year analysis (Table 1). The only change to the figures is an increase of $5000 in the wages
of management for the sharefarmer. The original figure of $12000 caused considerable debate
in 1990 and in retrospect was too low. Otherwise the base 1990/91 figures are identical to
those outlined in 1990.
In the following years (1991/92 - 1994/95) the analysis of income and expenditure has been
adjusted by the same percentage changes to sheep, wool and cattle illcome, and fertiliser,
repairs and maintenance, and other expenditure as outlined in Table 4, NZ Meat and Wool
Boards' Economic Service, paper G2079 (Davison 1995). This income and expenditure data
is considered adequate for the analysis. Other options, ego full budgeting using actual average
prices and detailed itemised expenditure were considered too time consuming and unlikely
to alter the final result by a significant amount.
VJo A detailed outline of the annual estimates of income and expenditure for both land owner and
tv sharefarmer are outlined in Table 1. The cash surplus is the money available for tax, capital
replacement, interest, debt repayment and profit. It is similar to what is commonly known as
Net Farm Profit (NFP). Expenditure does not include depreciation. The salvage value of farm
improvements and machinery and plant takes into account depreciation.
Table 2. is a summary of the annual estimates. It includes, in 1990/91, the cost of land to the
landowner and the cost of stock and plant to the sharefarmer and in 1994/95 the sale of the
farm, by the land owner, and the sale of stock and plant by the sharefarmer. The farm sale
price is based on land values for this class of sheep and cattle farm in the autumn of 1995.
The stock and plant figures are based on prices being paid in June 1995.
The investment surplus is the total net profit, before tax, that would accrue to the parties over
the 5 years of the investment. No attempt has been made to estimate the amount of taxation.
For most investor, land owners, the profit from the sale of the land is a tax free capital gain.
Taxation on the remainder of the profit would depend on the individual's marginal tax rate.
The sharefarmer mayor may not be liable for tax on the profits from the sale of livestock.
It would depend on the livestock tax system that is in place and whether the sharefarmer is
proceeding with another agreement, or buying a farm.
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1. Land Owner
1990 Land Purchase(600ooo)
1990/91 - Share of NFP 51470
1991/92 """ 48130
1992/93 """ 49620
1993/94 """ 55110
1994/95 """ 57860
1995 Land Sale 1200000
Investment Surplus $862190
INVESTMENT ANALYSIS:
1. Land Owner
IRR = 21.64
NPV (8%) = $424,900
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2. Sharefarmer
1990 - Stock/Plant Purchase (14ססOO)
1990/91 - Share of NFP 18370
1991/92 - """ 14900
1992/93 - """ 15400
1993/94 - """ 21920
1994/95 """ 22600
1995(sale) """ 18ססoo
Investment Surplus $133190
2. Sharefarmer
IRR = 17.06
NPV (8%) = $56,000
w
o
w
The second part of Table 2 is an analysis of the investment returns for both parties. The
Internal Rate of Return (lRR) and Net Present Value (NPV) are the two measures used.
With an IRR of 21.64 and a NPV (@8%) of $424,900 the investment returns to the land
owner are very good indeed. The most significant reason for these high returns is the increase
in the value of the land. To some extent this increase was predictable. In 1990 farm land
prices were increasing and there was an expectation that these increases would continue. What
has been surprising is the amount of the increase. A 30-40% increase might have been
expected, a 100% increase in price certainly was not.
If land prices had remained at their 1990 levels the land owners IRR over the 5 years would
have been approximately 8.5%, a very similar return to that estimated in the 1990 analysis.
In 1990 the return to the sharefarmer was estimated at 13.5%. The 1995 IRR for the
sharefarmer is 17% with a NPV of $56,000. The analysis confirms that while the land owner,
has made almost 300% more than the original prediction, the sharefarmer's returns are much
more modest and very similar to the 1990 estimate.
The sharefarmer's profits include the net income from his share of the farm income and any
increase in the value of livestock and plant at the end of the contract. There has been an
increase in the value of sheep since 1990, but cattle prices, after increases until 1994, have
fallen over the past 12 months. Machinery and plant prices have increased since 1990, but in
this example any increase is more than offset by the depreciation in the value of the existing
equipment.
The increase in the price of farm land since 1990 has also had a negative effect on the
sharefarmer. Buying a farm is the long term goal of most people involved in sharefarming.
If one assumes, from the investment analysis, that the sharefarmer would have approximately
$200,000 available cash at the end of the sharefarrning contract, then purchasing a 3000 SU
sheep and cattle farm at $150/SU was a realistic goal. With a land price of $3OO/SU it is
impossible.
In conclusion this analysis of a hypothetical sheep and cattle sharefarming proposal confirms
that over the past 5 years much of the profit in NZ agriculture and in particular sheep and
cattle farming has been due to the increases in the value of land. Despite the optimism of the
early 1990s increases in product prices have not been sufficient to have a significant impact
on annual profits. This increase in land value, while benefiting existing land owners, is a
problem for farm workers, or sharefarmers, who wish to buy a farm.
The analysis also confirms that because product prices in the sheep and beef sector have been
relatively static the income of people involved in sharefarming arrangements on sheep and
cattle farms has not been sufficient to allow then to save the capital required for farm
purchase. This problem is not confined to the sheep and cattle sector. Increasing prices for
dairy farms are also making farm purchase difficult for sharemilkers.
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What is needed are more flexible sharefarming or equity sharing arrangements where all
parties involved have an opportunity to share in the profits from both income and capital.
Farming partnerships have this flexibility and maybe in the future there should be less
emphasis on sharefarming, and more on partnerships. Sharefarming agreements can be made
more profitable to the sharefarmer by changing the percentages of income paid to each party.
This type of variation has happened in the dairy industry where at times the nonnal 50:50
agreement has been changed to 45:55 or 40:60. The problem with this approach is that it does
not address the issue of profits from increases in the value of land.
In the 1970s and early 1980s the Lincoln University (College) Property Management Service
provided a number of investors with partnership agreements. The partnerships included equity
partners who provided most of the capital and a management partner who provided the labour
and management, plus a smaller amount of capital. The management partner was paid a wage
and at the end of the year the profits from the farming operation were divided according to
the shares in the partnership. When the farm was sold the capital profits from the land, stock
and plant were also divided amongst the partners.
This type of agreement lost its popularity in the mid 1980s when farm land values fell by 30-
40% In a falling market the equity investor loses money and is inclined to sell and find
another investment. For those who have remained with the investment the capital profits have
been significant but not as high as the sharefarming example quoted in this paper. The
investor of the 1970s and 1980s bought into an already inflated land market that then fell and
has only recently recovered.
In 1995 farming partnership agreements are seen as the logical way of overcoming some of
the problems associated with sharefarming. Bringing together the skills of an experienced
farm manager with the capital of an equity investor under a partnership arrangement is one
solution to the problem of able farm managers with limited capital. Equity investment in NZ
agriculture by non-farmers can be a controversial topic. Combining the skills an able and
experienced farm manager with an equity partner is one way of answering these complaints.
R.D. Plank
June 1995
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SHAREFARMING PROPOSAL - I JULY 1990
Land owner owns land - sharefarmer owns stock and plant
Physical and Production Data:
Davison, R.M., Fann Sector Exchange Rates, Production, Financial Trends and Aggregate
Output, NZMWBES Paper No. 02079, Wellington 1995.
Area:
Stock:
400 ha
2,700 ewes
700 ewe hgts
140 others
Lincoln University, Financial Budget Manual, 1990, Eds. Burtt and Fleming, Lincoln
University.
Lincoln University, Financial Budget Manual, 1995, Eds. Oliver and Burtt, Lincoln University
New Zealand Meat and Wool Board's Economic Service, The New Zealand Sheep and Beef
Fann Survey 1986-87, 1987-88, 1992-93, Wellington.
3,540
100 weaner strs
= 3600 SU
= 400 SU
4000 SU = 10 SU/ha
Ower D.K., Fanning Agreements, Williams and Kettle Sharefanning Seminar, Hastings 1985.
Plank R.D., Equity Fanning Costs and Benefits, Equity Fanning Seminar, Auckland 1990
Policy: Export lambs
Rearing own replacements
Ewes culled at 6yrs
Sheep deaths 5%
Cattle purchased as weaners sold 15-20 mths
~
~
Prices: Export lambs
Store lambs
C.F.A. ewes
Cull ewes
Wool
Cattle
$30
$22
$25
$15
$.50jkg
$150/hd profit
7
Capital: (1 July 1990)
Land and Buildings 150/SU - (land owner)
Stock and Plant - (Sharefanner) Stock
Plant
8
$106,200
34,000
$600,000
$140,000
$740,000
Schedule 2
Sharefarming
APPORTIONMENT OF INCOME AND EXPENDITURE
Owner% Sharefarmer%
Gross Farm Income 50 50
Farm Expenditure:
Stock purchases-replacements 50 50
Wages and Accident Compensation 100
Animal health 100
Crop expenses - harvesting 100
- seeds & fertiliser 100
Electricity - Farm 100
Feed - hay purchased & nitrogen 50 50
- hay & silage 100
Fertiliser - tonnes 100
- cartage & spreading 100
Seeds - pasture & forage 100
Freight 50 50
V;)
0 Shearing expenses - shearing & crutch 100
Ul
- packs & twine 100
Weed & pest control - materials lOa
- application 100
Vehicle and tractor expenses 100
Repairs & maintenance
- buildings, fences etc - materials 100
- labour 100
Moveable plant, machinery, tools 100
Administration 50 50
Insurances - plant 100
- buildings & produce 100
Rates 100
Development & capital cost 100
9
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FARM COMPUTERS AND IMPROVING MANAGERIAL SKILL
• AN EMERGING CHALLENGE·
P L Nuthall
Department or Farm & Horticultural Management
POBox 84
Lincoln University
Canterbury.
1. INTRODUCTION
De-regulation has meant primary producers must rely more on their own managerial skill to
maintain viability than was previousl:' the case under subsidies. Furthermore, as aspects of the
environment and its maintenance become more dominant in the thinking of policy makers, the
managerial demands on producers will increase even more. Thus, improving managerial skill
will be a constant need of farmers over the foreseeable future. Greater education, either formal
or informal, will be a necessity.
An important source of both formal and informal training is the personal computer and
appropriate software. Already some 25+% of farmers have a computer and this number is
growing rapidly. Eventually all producers will have, and need, access to a computer. The
consequence is an exciting opportunity to provide training software.
This paper contains a review of the current situation regarding farm computer uptake and use.
First, however, comments are offered on alternative approaches to improving managerial
efficiency (resource allocation efficiency) with the conclusion that an approach which improves
managerial skill is an important objective. Results of farmer views on three animal feed
management expert systems are provided as this leads to the strong view that farmers believe a
major benefit of such software is the learning aspect in contrast to the direct decision advice
offered.
Survey work on farm profitability clearly shows there are major variations in returns per hectare
(e.g. $319 to -$14 for a sample of South Island East Coast Farmers - Scales (1990». Part of the
variation will be due to managerial ability. The potential returns from improving skills are,
clearly, significant.
2. APPROACHES TO IMPROVING MANAGERIAL EFFICIENCY
Management involves many tasks as well as holding an appropriate store of knowledge and
technical information. Skill at implementing all tasks is important for success - some of the
tasks include enunciating objectives and goals, negotiating, listing and evaluating alternatives,
anticipating likely conditions and situations, preparing contingency plans for possible variations
in conditions, managing labour, successful implementation of plans, observing conditions and
situations (not least of which is price assessment), to name just some of the many components to
a working manager's job. The complexity is obvious.
Any thoughts on the best way to assist managers must take cognizance of all these facets, and
also the fact that decisions are being made daily. Primary production operates in a world of
non-certainty so plans and procedures cannot be set on a fixed basis for any period of time"as
might occur in many factory and other manufacturing situations.
There are a wide range of approaches to improving managerial skill, but for the sake of the
discussion two extremes can be isolated. On the one hand, (through consultants, manuals,
computer software and the like) farmers can be told what are optimal actions and consequently
expected to simply implement the blueprints provided. At the other extreme, producers can be
asked to make their own decisions without any direct assistance other than the provision of
appropriate training. That is, the farmers can be offered training courses, instructional videos,
computer packages that enhance management skills, and so on, with the intention of allowing
them to improve their own inherent skills. There are many variations between these extremes.
In assessing the best approach it must be noted that providing optimal plans is likely to be a
very expensive procedure, if indeed it is possible to develop models and systems capable of this.
Primary production is a complex process with many gaps in the understanding of the total
systems. It is doubtful whether it is very practical to provide totally acceptable models. Thus,
consultants must play an important part in such a system. However, many would argue that
unless producers are actively involved in the decision process they are unlikely to accept the
decision offered. Furthermore, with the ever-changing situation faced by producers it is
impractical to hire consultants that are constantly available to provide answers.
In contrast, training and educating producers means the expertise is inherent and constantly
available, and, equally as important, the decisions are more likely to allow for the relevant goals
or objectives as well as the uniqueness of the property concerned. Above all, total involvement
by the person who bears the responsibility for the decision must mean the decisions are more
relevant, more appropriate and likely to be implemented more efficiently. Most commentators, it
is probably fair to conclude, would accept the latter approach as showing greatest promise,
though, for anyone farmer, combinations of the approaches may well be appropriate.
With the development of electronic communication systems as well as computer based multi-
media operations, it seems training systems based on this new technology are likely to be
important in the future. Consequently, the rest of this discussion will focus on computer uptake,
their use, and examples of computer training.
3. COMPUTER UPTAKE
The data presented shows that it is likely by far the majority of producers will have computers
in a few years time. Accordingly, the provision of computer based training packages will have a
wide audience and a consequent impact. With reasonable volumes the costs should be
affordable, thus competing with alternative forms of more people orientated teaching.
Combinations, however, are in the end likely to be preferred options.
Currently approximately one-quarter of all producers, both agricultural and horticultural, have
and use computers for business purposes. This conclusion is based on 1993 survey data (Nuthall
and Bishop-Hurley 1994(a». Table 1 summarises the data:
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Table 1
Computer Ownership on New Zealand Primary Producing Properties
Table 2 contains data based on a logit analysis (Nuthall et ai, 1994(a» giving the probabilities of
anyone farmer owning a computer.
Length of ownership - mean 4.15 years, range 0.1 - 10 years
Years before buying - mean 3.3 years
Number saying will never buy 39.2
Own and use a computer for business
Own, but don't use a computer for business
Have access to a computer for business
Do not have/access a computer
%
19.3
5.7
9.2
66.4
Table 2
Computer OwnerShip Probabilities
P
Log( I_~/
= .305 E + .07 S-2.916
E = Education level (l to 6)
S = Stock Units (l = ::; 1000, 15 , 14000)
Uptake is also dependent on the producers' view of the profitability of their computer
investment. Table 3 presents this information from the 1993 survey (Nuthall et al 1994 (a)).
Stock UnitsUsing data on length of ownership and anticipated purchase date it was found that the current
uptake rate is probably at the maximum likely and that this will last for a few years. The
sigmoid relationship obtained was:
Y = 104.7/(1 + 1.042e - .342x)
(R2 =0.9976)
~ Where Y = the cumulative percentage of farmers owning a computer
:3 X = the number of years of ownership.
This equation suggests it will take 10 - 15 years for all farms to have a computer. The 40%
suggesting they will never have a computer are likely to be wrong due to generation, ownership
and belief changes. To date uptake is very dependent on farm size and farmer education level.
As computers are accepted and used in schools the newer generation will have an appropriate
education.
3
Highest
Education
Primary
Primary
Primary
>4 years Secondary
,4 years Secondary
,4 years Secondary
,2 years Tertiary
,2 years Tertiary
,2 years Tertiary
::; 1000
2-3000
8-9000
::; 1000
2-3000
8-9000
::; 1000
2-3000
8-9000
Probability
n~
nl09
0.158
nlM
nl~
n~7
n~
n~
n3~
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Table 3
Computer Profitability
Profitable
Breaks Even
Does not cover costs
Do not know
%
Raw Data
45.1
8.5
15.6
30.8
%
With don't knows
removed
65.2
12.3
22.5
Ave Age
(Yrs)
42.5
43.3
47.7
43.4
(F test significance
@ 10%)
The lack of suitable software is probably a major reason why computer based training is
currently not important. However, the data shows computers are becoming an increasingly
important component of decision making on primary producing properties.
4. ATIITUDE TO COMPUTERS AND TRAINING
When it was suggested in the early eighties that computers could be important tools for
managers most primary producers were extremely dubious if not scathing. Today, however,
most farmers accept computers are imp'lrtant, particularly in financial management and control.
The survey work strongly indicates this conclusion. Their use in a training or educational
context has not, however, been explored in a formal sense. Despite this, some evidence does
exist that computers and appropriate software can be beneficial in this area.
Also Note: Significant correlation exists between "education and belief in profitability".
Despite something like one-fifth believing a computer is not profitable, the uptake continues. In
the end it is likely the commercial world will force all managers to use a computer for access to
banks, the tax department and the like.
Currently, computers find little direct use in this training area, other than for the farm family's
children. Table 4 (Nuthall et al, 1994 (a» stresses that computers are largely used for financial
recording and forecasting. This is to be expected as a first use of computers.
Nuthall and Bishop-Hurley (1994 (b» explored the use of expert systems for feed management
and concluded that the major use farmers would make of these systems was decision training in
contrast to direct decision making. These expert system trials involved packages for deciding
lamb weaning (Wean), sheep drenching (Drench), and how to utilise surplus pasture (Surplus).
The tables below present some of the data obtained.
Table 5
Anticipated Annual Frequency of Using Expert Systems
Total use/month 29.77 hrs
(Entertainment 9.23, Education 4.29, Community Work 1.69)
Pattern of Using - Approximately one-third each of regular weekly, monthly or spare
time.
Correlated with hours of use.
Table 6
Farmers' Views on Type of Use
• Expert Systems·
V.)
o
00
Farm Budgets
Stock Records
Payroll
Enterprise Budgets
Production Records
Word Processing
Financial records
Spread Sheeting
Feed Budgets
Other
Table 4
Business Use of Computers
Hrs/Month
All Users
2.72
1.59
0.23
0.20
0.20
1.58
2.93
0.70
0.14
0.47
10.76 hrs
Hrs/Month
Non-Users Removed
3.91
4.61
2.20
1.25
1.77
2.85
4.79
2.34
1.89
4.88
Column Percentages
Number of 'uses' Wean Drench Surplus
0 9.1 0.0 0.0
1 - 2 54.6 15.0 35.3
3-4 18.2 80.0 47.1
5-6 9.1 5.0 17.6
> 7 9.0 0.0 0.0
Ave 3.0 3.35 3.41
Percentages Using
Wean Drench Surplus
Beginning of Season
Reminder 76.0 94.7 78.9
Regular Review of Important
Factors 81.8 57.1 72.2
Make Decision Easier 70.8 80.2 77.8
Ave
83.2
70.4
76.2
5 6
Table 7
Expert Systems Have Decision Making Potential
First time of Asking
Second time of Asking
Third time of Asking
% Agreeing
94.4
85.0
86.4
The national and individual returns are likely to be significant and not only for the specific areas
where evidence has been presented. Nuthall and Bishop-Hurley (1994 (a)) found that farmers
using formal feed budgeting often did so for a while and then reverted to using intuition
believing they had' absorbed' the lessons to' be learnt - clearly training software would help in
this area. Similarly, when asked the benefits of financial software, many farmers believed its
use not only directly helped in financial control and management but also sharpened their
decision making in all areas. That is, recording in one area tended to alert them to critical
thinking in all their activities.
Given the number of wean, drench and 'surplus' decisions that must be made each year, it was
surprising how infrequently the farmers believed they would use the packages. This was not due
to any inadequacy of the packages as they had a strong belief that they were excellent systems.
Their comments about the packages being useful for beginning of season reminders and for
being reminders of the important factors to be considered when making a decision, were,
however, clear indications they believed the software to be support and training systems
providing them with an ability to make appropriate field decisions. This conclusion also comes
through in some of the medical expert systems where their use often declines after initially using
the system to learn the skills necessary for successful diagnosis. In the case of the wean,
drench and surplus it can be imagined they would be used each new year to sharpen a farmers'
decision skills at the beginning of each season.
Ave $ ValuelEwe/Annum Value/Farm
~
o
\0
Wean
Drench
Surplus
$0.63
$0.37
$0.47
Wean
Drench
Surplus
(Ave No. of
Ewe Equivs = 4900)
$
3100
1800
2300
Given contemporary attitudes to subsidisation, software development will need to occur in the
commercial sector. However, the benefits are so widespread and believed by farmers to be at
such a level as to more than cover the costs.
In developing software for training purposes it is necessary to study pedagogical principles to
ensure maximum benefit. In recent years more and more studies are being conducted in this
area of tutoring systems (e.g. Hoffman, 1992). Similarly, it is important to consider what makes
an expert (recall systems, memory, experience....).
In developing the software it will also be necessary to consider the areas to be addressed. A
range is possible and covers mathematical decision systems, simulation models, expert systems,
information retrieval packages and so on. Whatever packages are developed they must minimise
tht;: farmers work and be totally integrated to make use of farm data bases. The opportunities
are extensive and very exciting.
The farmers clearly believe that this training activity is economically valuable (Table 7). The
sort of benefits expected would certainly enable paying for the software.
S. CONCLUSIONS
Increasing numbers of farmers are becoming computer literate and this trend will continue.
Furthermore, producers are receptive to their use as training mediums, consequently there is an
enormous challenge to produce appropriate software.
When considering how best to assist farmers logic would suggest the training and education
approach is more likely to produce long term benefits than simply providing instant management
recipes. These are strong indicators to the software and educational industries. In developing
software, though, it must be recognised most producers and properties are unique. This means
packages must be configureable to suit particular objectives and personalities. This is a real
challenge.
7 8
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FARM LEVEL ADOPTION OF MANAGEMENT AND
TECHNOLOGICAL PRACTICES: A CASE STUDY OF FISHPOND
OPERATORS IN NEPAL
G Rauniyar
Department of Agricultural and Horticultural Systems Management
Massey University
Palmerston North
ABSTRACT
The objective of this study was to examine adoption of major management and technological
practices by Nepalese fishpond operators. A socioeconomic survey was conducted in 1994
covering 358 fishpond operators in eight of the 24 aquaculture production districts of Nepal. The
study suggests that the education level of fishpond operators plays an important role in increased
adoption of management and technological practices. Ethnicity, geographical location, smaller fish
fann size, access to inputs and cash reserves, and proximity to market infrastmcture also increase
the probability of adoption of desirable management and technological practices
INTRODUCTION
Nepal produces fish from inland capture fisheries and aquaculture Inland capture fisheries are
traditional activities, especially for the mral poor who live near rivers, lakes, reservoirs and other
natural water bodies Aquaculture production, on the other hand, is a fairly new endeavour and is
largely concentrated in the Terai region of the Eastern and Central Development Regions of Nepal.
The fisheries sub-sector accounted for approximately 0.67 per cent of the national gross domestic
product (GDP) and 1.46 per cent of agricultural GDP in 1992/93 (Fisheries Development Division,
1993). Government estimates in 1993 indicated that the fisheries sub-sector provided direct
employment to 36,700 individuals and benefited another 25,000-37,000 individuals indirectly
(Fisheries Development Division, 1993). Although the contribution to national GDP has been
small, the sub-sector has been identified to have potential for future expansion (Asian Development
Bank, 1986).
Although Nepal is rich in natural water resources, the scope of increased production from capture
fisheries is limited for three reasons. First, it is a labour intensive operation that involves a great
deal of uncertainties associated with managing fish populations in natural water bodies. Second,
capture fisheries cannot be effectively influenced by human interventions and exploitation of natural
resources for this purpose involves complex multi-sectoral planning, operation and management.
Third, the conflict of interests between environmental protection and monetary gains from fisheries
often is a contentious issue amongst resource users.
Nevertheless, several advantages from aquaculture pi Jduction in Nepal have been identified (Asian
Development Bank, 1986). Aquaculture production takes place primarily for cash income in ponds
that are under both private and public ownership. It provides protein rich food in a reasonably
short period of time (3-9 months) and generates additional cash income and employment for Iural
people. It also promotes a more ecologically balanced use of land and water resources (Fisheries
Development Division, 1993). Pond cultured fish produced in Nepal fetch a price premium on the
in the Indian boarder towns with product freshness and a larger average fish size accounting for up
to 40 per cent of the market price differential. Finally, per capita consumption offish in Nepal has
been limited to 800g, far less than other Asian countries.
The continued success of Nepal's fish exports to India is dependent on sustaining the ability to
deliver large size and fresh fish. This in tum is deternlined by effective on-farm management and
the adoption of available technologies by fish pond operators. The latter is particularly important
because the productivity of commercial fish pond operations remain substanlially below their
productive potential levels (Nepal Agricultural Research Council, pers. comm. 1994). This paper
reports findings of a 1994 study of fann level constraints and characteristics associated with the
operation of fish ponds. The study had two objectives; first, to understand the inter-relationships
among different management and technological practices adopted by fish pond operators, and
second, to identity socioeconomic constraints to the adoption of these practices by fish pond
operators. A brief background of aquaculture production in Nepal follows to familiarise the readers
with the industry.
AQUACULTURE PROIWCTION SYSTEMS IN NEI)AL
Fish species
An organised effort in aquaculture production was initiated in 1947 with indigenous major carps
(Shanna, 1991 ).1 Some exotic species, such as common carp and Chinese carp2 were introduced
during the 1960s and early 1970s to be reared under a polyculture production system. These
species have been widely accepted by fish pond operators and are likely to be continue to be reared,
unless a major technological breakthrough occurs to the contrary. No new fish species have been
introduced since mid 1970s (Nepal Agricultural Research Council, pers. comm, 1994).
Fish ponds
Several traditional village ponds were originally constructed in the Eastern and Central Terai
districts of Nepal for social purposes, particularly bathing and washing. The majority of these
ponds are owned by local village organisations and/or public schools. A government survey
conducted in 1974 suggested that the traditional ponds covered some 4,500 hectares ofland and
these were suitable for aquaculture production (Asian Development Bank, 1986). Subsequently,
the industry has expanded into additional areas, including the conversion of some of rice fields into
fish ponds. However, no reliable statistics exists on the actual number of ponds engaged in fish
Indigenous carps arc Bhakura <Q!.!!!l calla), Rohu (L1bco rohila) and Naini (Cirrhima mrig<lli]).
Common carp~ carpio) and Chinese carps such as silver carp (Hypolhalmichthus molilrix). big
head C<1rp (Aristichtlws nobilis) and grass carp (Ctenopharyngodon idel@) were introduced in the I%Os and
emly I970s.
pond operations. Some new fish ponds have been constructed since the inception of the First
Aquaculture Development Project (Asian Development Bank, 1986), but aquaculture production
remains largely within the Terai region.
Technical assistance
Technical assistance for aquaculture development and production began in 1952 with the
establislunent of Fisheries Development Section under the jurisdiction of the Department of
Agriculture. External involvement in Nepal's aquaculture production dates back to the 1960s
through various bilateral and multilateral agencies such as the United Nations Development
Programme, the Food and Agriculture Organisation, the United States Peace Corps, the
International Development Research Centre, Japanese Overseas volunteers, the Asian Development
Bank and the International Fund for Agricultural Development. While technical assistance has
strengthened the institutional capacity of the Fisheries Development Division, improvements in fish
pond productivity at the farm level have been slow and far below potential.
Technological and management practices
Fish pond production systems in Nepal are classified into three categories (Fisheries Development
Division, 1993). A regular production system utilises few modern inputs and relies heavily on
traditional management practices including a low fish seed stocking density per hectare. A semi-
intensive production system utilises some modern inputs and is operated using a mix of traditional
Wand modern management practices. An intensive production system employs high levels of modern
..... inputs and is operated as an integrated enterprise, combining fish production with rice, horticultural
N . crops, or livestock. However, the classification offish production systems is based on technologies
observed by Nepalese researchers in other parts of Asia rather than any proven location specific
scientific evidence.
level final adoption as the degree of use ofa new technology in the long-run equilibrium, when the
fanner has full information about the new technolo!:,'Y and its potential.
Mann (1978) argued that the adoption process followed a sequential pattern. Balcer and Lippman
(1984) suggested that the timing of a decision to adopt a technology was largely influenced by
expectation about the time path of future technological changes, and thus producers were likely to
follow a sequential adoption process. Rauniyar and Goode (1992) found that adoption of different
technological practices followed "a package of practices" pattern within a package. In the adoption
process, adoption of one technological practice was conditional on the simultaneous adoption of
other related practices. The framework developed by Rauniyar and Goode was employed in this
study to examine inter-relationships among the different practices adopted by fish pond operators in
Nepal.
Factors influencing adoption decisions
A substantial body of literature exists in the area of detenninants of adoption decisions. More
comprehensive reviews have been undertaken by Schutjer and Van der Veen (1977), Feder et al.
(1985), Thirtle and Ruttan (1987) and Feder and Umali (1993). Several socioeconomic factors
have been found to explain farm level adoption decisions, and they include farm size, tenurial
arrangements, the scale of production, inputs and credit availability, access to an output market,
storage and distribution facilities, availability of farm labour and fann machinelY, age and education
level of farmers, and family size. The literature review, and knowledge of aquaculture production
areas in Nepal, formed the basis for an empirical adoption model, the variables of which are
summarised in Table 3. A set of nine testable hypotheses were developed for empirical verification:
(i) A younger fish pond operator was more willing to undertake risk and thus was willing to
adopt technologies, while an older operator was expected to be more risk averse than the
younger operator and less willing to adopt technologies.
CONCEPTUAL FRAMEWORK
Most developing countries have programmes in place to increase farm productivity by encouraging
the adoption of modern practices. In these programmes, a basic assumption is that increases in the
productivity of scarce resources such as land, labour and capital will increase aggregate output. At
the conceptual level, the adoption of technology in this study is viewed as an upward shift in the
production function.
Technology adoption process
Technology adoption has been perceived in the literature in different ways. Roger (1962) viewed
adoption as "the mental process an individual passes from first hearing about an innovation to final
adoption." Schultz (1975) contended that when new technologies are introduced at the farm level,
resources are not utilised efficiently on the farm, and a disequilibrium exists in the firm. The new
equilibrium can be attained only through the process of learning. Feder et al. (1985) defined farm
(ii)
(iii)
(iv)
(v)
(vi)
A more educated fish pond operator was better informed about the available technologies
and management practices and was expected to adopt sooner than less educated operators.
An operator with a larger family size was expected to have to allocate prop0l1ionately more
resources for the purchase of consumption goods and thus was assumed to have less
resources available for the purchase of inputs related to modern technological and
management practices; thus, was less likely to be an adopter.
An operator with more cultivable area was expected to have a larger resource base for
adoption and hence was hypothesised to be more willing to adopt modern technologies and
management practices.
An operator located closer to an input supply source and fish market was expected to incur
relatively smaller trans.action costs than an operator located farther fi·OIn input supply
centres and markets, and was more likely to adopt technologies and management practices.
A traditional fish pond was hypothesised to be a multipurpose pond and would allow less
external influence in terms of technolo!:,'Y interventions than a pond constructed solely for
V.)
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aquaculture production. An operator of a multipurpose pond was therefore less likely to
adopt modem practices than an operator of a sole fish pond.
(vii) Public fish seed farms were expected to provide better technical infonnation on pond fish
production than private fish seed farms. An operator who ubtained information from public
source was more likely to be an adopter compared to an operator that gained infonnation
from private source.
(viii) Smaller fish farms were expected to be under private ownership and to have a greater
incentive to adopt modem technologies and management practices than larger fish farms.
(ix) An operator having ready access to cash reserves was assumed to be at an advantage over
an operator with cash constraints in adopting modem technologies and inputs because most
inputs related to modem technologies can only be bought with cash.
METHODOLOGY
Survey instruments
Several intensive discussions were held with policy makers, programme managers, fish dealers and
fish pond operators to facilitate the design of a stmctured questionnaire. The questionnaire was
pretested in one district, and extensively revised. The survey was carried out in 1994 by a team of
six enumerators and two supervisors. Interviews on average took 45 minutes per operator.
Area and sample selection
Eight districts were randomly selected from a list of 21 aquaculture districts representing five
development regions: Morang and Saptari (Eastern Development Region), Dhanusha, Makwanpur,
and Chitwan (Central Development Region), Nawalparasi (Western Development Region), Bardiya
(Mid-Western Development Region) and Kailali (Far-Western Development Region) In each of
the eight sample districts, aquaculture represented Village Development Committees (VDCs) were
identified in consultation with extension staff, and one-fifth of the VDCs were randomly selected to
identifY interviewees. The water surface area of ponds in fish production provided the norm for
determining proportional sample size from each VDC. The survey team, split into two sub-teams,
visited sample VDCs to obtain an updated list offish pond operators and from this list interviewees
were randomly selected3 A total of 384 individual interviews with fish pond operators were
planned and 358 were successfully interviewed.
An updated list of fish pond operators was not a\'ailablc at the SeconJ Aquacllllurc Dc\'elopment Project
Office in Katlunandll for Iwo reasons: (i) recent reorganisation of Ihe Department of Agricllllural
Development had displaced many e:\1ension worker and (ii) fish pond ownership changes from ycar to year
and no fonnal mechanism exists (0 dOClmlent sllch changes.
Data analysis
Field enumerators and supervisors met in the evening and edited all questionnaires for completeness
of information and clarity. The information contained in the completed questionnaires were
inputted to a spreadsheet and analyzed using the SAS package (SAS, 1990). Time and resource
constraint did not permit repeat visits to fish pond operators.
RESULTS AND DISCUSSIONS
Descriptive information obtained from the survey are discussed prior to a discussion of the gap
between knowledge and actual adoption of management and technological practices related to 1ish
pond operations. Then, the underlying inter-relationships among different management and
ter.hnological practices are presented. Finally, the detenninants of adoption decisions are discussed.
Characteristics of fish pond operators
An average fish pond operator was 44 years old in 1994, and all but six operators were men. Only
36% of the operators resided close to their fish fann fish and the rest commuted from other
locations. On average, an operator had 6.5 years of schooling. Four-fitlhs of the operators
considered farming, and another 6% of the operators reported aquaculture production, as their
primary occupation. An average operator household had seven members; the largest household
size was reported in Dhanusha and smallest in Morang with 8.7 and 5.7 members, respectively.
Characteristics of aquaculture production systems
The distribution of the number of fish ponds was skewed towards more traditional aquaculture
production districts. An average sample household had 1.5 fish ponds and 2.4 per cent of the
ponds were reported to be unutilized due to inappropriate soil and/or water supply and conflicts in
ownership of the ponds. Traditional aquaculture production districts (Dhanu·ha, Morang and
Saptari) had proportionately larger and more fish ponds, while more recently developed areas (the
Western, Mid-Western and Far-Western Development Regions) had fewer and smaller ponds.
Most of the ponds in recently developed areas were constructed solely for aquaculture production
purposes, while traditional districts had a proportionately greater nlllnber of multipurpose ponds.
The average water surface area accounted for only 58% of the gross pond area, which represented
a sharp decline from 1970s when the ratio was around 70 per cent (Second Aquaculture
Development Project, 1988). This decline was reported be associated with the problems related to
water availability and the management of aquaculture production systems. Slightly more than one-
fourth of the fish ponds were rented-in; the remainder were owner-operated About 35% of fish
ponds were estimated to have been constmcted in the last 10 years. On average the older and
traditional ponds were deeper than the new ponds. Family labour involvement in fish production
was reported to have increased in the past five years for all of the sample districts, and it had
doubled in the Morang district. This observation underscored the importance of better
management by operators and their family members.
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The mix offish seed stocked was found to be guided by market demand, and in particular reflected
by the market price and fish quality. The survey data indicated indigenous major carps (Rohu,
Naini and Bhakur), common carps, and Chinese carps accounted for 57, 10 and 33% of total stock.
However, the species combination varied widely across the eight survey districts.
Types of aquaculture production systems
The results suggested that there were five in stead of three types of production systems in place.
The level of input use and fish seed stocking den,ity was classified into five categories. Nearly half
(49%) ofthe fish pond operators belonged to the "traditional production system," who stocked fish
seed in large numbers and applied some organic manure as and when it was available. They
adopted a minimum level of improved practices. The second group of operators accounted for
II% of all fish pond operators and they tended to have applied some lime to disinfect fish ponds.
Their level of input use was comparable to that of a "regular production system," defined by FDD
(Fisheries Development Division, 1993).
The third group ofoperators comprised one-fifth of all operators and they applied a modest amount
of lime and organic manure, and were classified as "moderate operators." Only 4% of the
operators represented the fourth group and were comparable to the "semi-intensive production
system," that employed lime, organic manure and chemical fertiliser. The final group of operators
constituted one-sixth of all operators and they employed lime, organic manure, chemical fertiliser
and supplemental feed. This production system was comparable to the "intensive production
system," defined by FDD. The per hectare annual yield was recorded at I 17, 1.67, 2.1, 1.80, and
2.31 metric tons under traditional, regular, moderate, semi-intensive and intensive production
system, respectively.
Gap between knowledge and adoption of management and technological practices
Fish pond operators were asked to reveal their knowledge and adoption of common management
and technological practices. A value of one was assigned for a positive response, and a value of
zero othelWise. Table I indicates wide gaps in operators' knowledge and adoption of 47 practices
relevant to aquaculture production systems in Nepal. For example, all operators had knowledge of
the need for a regular repair and maintenance of fish ponds prior to fish seed stocking, but only
two-thirds actually had followed the practice. Similarly, most of the operators knew that fish
fry/fingerling should be of the same age and size, but less than two-fifths had actually adopted the
practice. Seventy per cent of the operators knew about the use of concentrated fish feeds, but only
one-tenth of them actually used these in 1993/94 season.
The empirical evidence therefore suggests that knowledge about improved technological and
management practices does not necessarily lead to their adoption by the fish pond operators. This
finding has two implications. First, inter-relationships among different management and
technological practices were not known to the operators, and as a result, they could not decide
whether to adopt these practices. Second, fish pond operators faced different constraints in their
production system, which limited the adoption of these practices. These two issues are addressed
in the following sections.
Inter-relationships among various practices
The management and technological practices were identified separately for pre-stocking and
stocking, and post-stocking stages in pond culture fish production systems. Given the number of
practices involved in adoption decisions, factor analysis was deemed appropriate. In all, 30
stocking and post-stocking stage practices were subjected to factor procedure (Johnson and
Winchern, 1988; Rauniyar and Goode, 1992)4 Varimax rotation under the factor procedure
clarified the inherent ambiguity in initial factor loading patterns.
Factor loading patterns are summarised in Table 2. The results from the analysis suggest that the
30 practices could be summarised by six factors, that collectively explained 80% of the variations in
these practices. All six factors were uncorrelated, as evidenced by inter-factor correlation
coefficients ofless than -0.21.
The first factor represented three fish seed-related practices and the second factor contained seven
input related practices. The third factor captured three physical characteristics, while other
management practices were summarised by the fourth factor. Integration of fish with other
enterprise stood alone in the analysis (fifth factor) and record keeping management practices were
absorbed by the sixth factor. The results suggest that practices represented by each factor were
likely to be adopted by the fish pond operators as a package, and not individually. For example, the
first factor suggested fish seed size, age and stocking density were inter-related. However,
practices within a factor were found to be independent of the practices represented by other factors.
Determinants of adoption
Once the underlying inter-relationships amongst management and technological practices had been
identified and summarised by six factors (indices), the next step was to identify variables which
explained adoption indices. S Six ordinary least squares regression equations were estimated using a
set of 13 explanatory variables. The summary statistics for the explanatolY variables appear in
Table 3 and the regression coefficients are reported in Table 4.
The results suggest that adoption of practices, summarised by the first factor (fish seed related) was
positively associated with fish pond operator's age, years of schooling, and cash availability. The
dependent variable was negatively associated with fish pond water surface area, ownership of a
traditional pond and distances to the nearest market and input source. The findings imply that older
and more educated operators with relatively readily available cash, are likely to stock 7,500-10,00
fish seed of the same age and same size. On the other hand, operators of larger, traditional and
poorer located are not likely to adopt practices summarised by factor I.
Adoption of input-related practices, summarised by the second factor, was found to be positively
related to the operator's years of schooling and cash availability, but negatively associated with
Pre-stocking practices were corretated to similar slocking and post-stocking practices. and thlls the analysis
was perfomled lIsing 30 stocking and poSI-stocking management and lechnologie<t1 practiccs.
Factor analysis provided factor score for each fish pond operator and each nlctOr. which was a cOlltinllolls
variable \vith a mean of zero and a variance orllnity.
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family size, total cultivable area, water surface area, ownership of a traditional pond, and distances
to input source and fish market. The results support the hypothesis that better educated operators,
and those who have readily available cash, are more likely to adopt modem practices than those
who are less educated and/or without cash. However, operators are less likely to adopt the input-
related seven practices summarised by factor 2 (see Table 2) if they operate a traditional pond, have
a larger cultivable area and fish pond water surface area, and are located farther ITOm an input
source and fish market.
The third factor representing physical characteristics of fish ponds, such as a water depth of less
than I.S meters and regular maintenance of water supply structures and pond dikes, was positively
associated with the operator's years of schooling and negatively associated with total cultivable
area, fish pond water surface area, ownership of traditional ponds, and distance to the nearest fish
market. The findings support the role of education in adoption decisions. Furthennore, larger
farms (both in terms of cultivable area and fish pond water surface area), traditional fish ponds, and
operators located farther ITom market are less likely to adopt practices represented by the third
factor.
The fourth factor summarised eleven management related practices (Table 2). The adoption of
practices represented by the factor 4 was positively associated with age, years of schooling, fish
pond water surface area, private sources of technical information, cash availability, and the
incidence of fish diseases. On the other hand, the adoption of practices by this factor was
negatively associated with distances to market and input source and Brahmin ethnicity of the
operator. The older operators were more expelienced and appeared to be more likely to adopt
management practices represented by factor 4. Similarly, better educated operators who had
readily available cash, sought technical infonnation ITom private sources, and had a larger water
surface area, turned out to be better adopters than the operators who were less educated, sought
technical information ITom public sources, and lacked readily available cash.
The fifth factor represented integration of fish with other enterprise(s) such as horticulture, pig,
buffaloes, duck or rice production. Operators who had more schooling, a larger cultivable area,
readily available cash and obtained fish seed ITom public sources (government fish farms) were
more likely to adopt an integrated fish production system. On the other hand, operators located
farther from a fish market and belonging to the Brahmin ethnicity, were less likely to integrate fish
production with other enterprises.
The final factor represented five record keeping practices. Years of schooling, family size, and
Brahmin ethnicity were positively associated 'With the adoption of record keeping practices.
However, age and distance to the market were negatively associated with adoption. Thus, younger
operators with more better education and from a larger family or Brahmin ethnic group were more
likely to maintain records. Operators located farther from a market were less likely to maintain
records.
CONCLUSIONS
The survey data suggests a substantial gap between knowledge and adoption of management and
technological practices by fish pond operators in Nepal. The research also indicates that the
practices examined are not independent of one another, since a group of 30 stocking and post-
stocking practices could be represented by six unique factors (indices) of adoption, each
represented a set of practices.
Years of schooling and proximity to a fish market were dominant variables; they were statistically
significant in all six regression models that represented indices of adoption. Operator age was an
important consideration in the adoption offish seed-related, other management-related, and record
keeping-related adoption practices.
Family size was an important variable in the adoption of input-related and record-keeping-related
practices. Total cultivable area explained variation in input-related, physical characteristics,
integration with other farming enterprises, while fish pond water surface area was an important
consideration in the adoption of fish seed-related, input-related, physical characteristics, and other
management-related practices. The private ownership of fish ponds was associated with the
adoption of fish seed and input related practices. Furthermore the use of private sources of
information contributed to increased adoption of other management-related practices.
Cash availability explained variation in fish seed, inputs, other management and integration related
practices. Similarly, acquisition of fish seed from private sources encouraged the adoption of
integrated fish production practices and experience with fish diseases led to improved adoption of
other management practices. Proximity to input source was an important variable in the adoption
of input, fish seed, and other management related practices. Brahmins were less likely to adopt
other management and integration practices, while had more widely adopted record keeping
practices, than other ethnic groups. Thus, each adoption factor (index) had a distinct set of social
and economic variables associated with it.
The study provides useful policy implications for strengthening aquaculture production in Nepal A
better understanding of inter-relationships amongst management and technological practices and
underlying variables influencing adoption decisions at farm level is important. With such an
understanding, effective fisheries research and extension programmes can be designed, tested and
implemented in the aquaculture districts. Improved adoption of various practices adaptable to the
locality and agro-ecology is likely to improve productivity of Nepalese fish ponds in the Iilture.
Fish pond operators would be able to sustain and even expand their comparative advantage in the
markets of India, given they are guided with effective management and technological practices.
The analysis also shows that future expansion of aquaculture area should be closer to the local lish
markets that have good transportation linkages.
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Table 1. Galls in knowledl:e and adolltion of tecbnolol:ical and management practices for fisb pond
0lleration in Nellal.
Technological and manal:ement Ilractices Per cent fish pond operators
reportinl:
Knowledge Adoption
PRE-STOCKING STAGE: POND PREPARATION
Regular repair and maintenance 100 67
Clean and dry ponds 98 53
Predator control with insecticides 34 6
Predator control with local herbs 30 2
Weed fish control with local herbs 29 4
AquatiC vegetation control with weedicides 16 3
Disinfecting ponds with lime n 42
Application of inorganic fertiliser 93 28
Application of organic manure 92 48
STOCKING AND POST-STOCKING STAGE
FISH SEED
Fish fry/fingerling should be of same age n 38
Fish frylfingerling should be of same size n 39
Fish seed stocking density should be in between 7,500-10.000 per ha 70 14
USE OF INPUTS
Organic manure should be applied after stocking 96 62
Organic manure should be applied by broadcasting method 91 51
Inorganic fertiliser should be applied after fish seed stocking 84 32
Chemical fertiliser should be applied by broadcasting method 75 49
Concentrated fish feed should be applied 70 10
Local fish feed should be applied 92 49
Fish disease should be controlled by chemical method 46 8
Fish disease should be controlled by 21 3
non-chemical method
PHYSICAL CHARACTERISTICS
Water depth should be < 1.5m 85 11
Water supply strueture should be regularly maintained 88 .\~
Pond dikes should be regularly maintained 98 67
PRODUCTION SYSTEM
Monoculture 47 .\
Polyculture 98 91
Both mono and polyculture 47 3
Fish-rice culture 19 2
Integration of fish with duck 54 I
Integration of fish with pig 47 3
Integration of fish with horticullure 72 8
Integration of fish with other enterprises 35 12
OTHER MANAGEMENT RELATED VARIABLES
Monitoring growth and heallh of fish regularly 82 (,7
Monitoring and controlling water quality 61 38
Monitoring and maintaining water pH 12 .1
Monitoring and maintaining water temperature 27 (,
Monitoring and maintaining water transparency 23 14
Monitoring dissolved o~)'gen 17 I
Monitoring plankton density 15 5
Monitoring and controlling vegetation manually 98 (ll)
Monitoring and controlling vegetation using chemicals 20 3
Monitoring and controlling predators manually 90 58
Monitoring and controlling predators using chemicals II 4
RECORD KEEPING
Fish growth 80 20
Input use 79 20
Production 82 W
Yield 73 30
Quantity sold or Revenue from fish sale 82 3(,
OTHER MANAGEMENT RELATED CHARACTERISTICS: Factor 4
1. Monoculture production system 0.33 0.22 0.31 0.58 0.29 -0.04
2. Polyculture production system -0.03 -0.17 0.11 0.78 0.01 0.24
3. Regular monitoring of growth and health of fish
-0.18 0.23 -0.19 0.59 0.22 -0.17
4. Regular water quality monitoring 0.28 -0.03 0.09 0.54 0.11 -0.25
5. Water pH monitoring 0.17 0.05 -0.11 0.60 0.24 0.31
6. Water temperature monitoring 0.36 0.31 -0.01 0.71 -0.29 0.03
7. Water transparency monitoring -0.18 0.28 0.14 0.62 -0.15 0.21
8. Dissolyed Q),'ygen monitoring -0.03 0.19 -0.33 0.69 -0.22 -0.03
9. Plankton density monitoring 0.15 0.15 0.28 0.53 0.04 0.34
10. Vegetation control manually 0.03 0.33 -0.19 0.66 0.17 -0.31
11.- Predator control manually 0.24 0.19 0.14 0.71 -0.01 0.28
INTEGRATION RELATED: Factor 5
I. Integration of fish with other enterprise 0.14 0.27 -0.15 0.19 0.63 0.33
RECORD KEEPING RELATED: Factor 6
I. Recording fish grO\,th -0.03 0.11 -0.01 0.28 0.16 0.81
2. Recording input use 0.21 0.23 -0.19 -0.21 0.23 0.77
3. Recording production -0.14 0.33 0.03 0.15 0.16 0.69
4. Recording yield 0.23 -0.15 0.06 -0.04 0.34 0.58
5. Recording sales and income -0.14 0.15 0.23 0.22 -0.33 0.66
Cumulatiye yariation explained (%) 48 61 71 77 79 80
Table 2. Factor loading patterns of imprond technological and management practices.
Technological and management practices: Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
stocking and post-stocking stage
FISH SEED RELATED: Factor 1
1. Fry/fingerling of the same age 0.68 -0.29 0.16 -0.22 0.32 0.15
2. Fry/fingerling of the same size 0.64 0.18 -0.25 0.09 0.29 0.24
3. Fish seed stocking density 7.500-10.500/ha 0.75 -0.03 0.31 0.01 -0.06 0.33
INPUT RELATED: Factor 2
1. Application of organic manure after stocking 0.15 0.81 0.32 0.02 -0.28 0.14
2. Application of organic manure by broadcast method 0.37 0.59 0.16 -0.19 0.14 0.17
3. Application of chemical fertilisers 0.15 0.62 -0.31 0.15 -0.21 -0.03
4. Application of chemical fertilisers by broadcast method 0.21 0.55 0.03 0.35 0.16 -0.33
5. Application of concentrated feed -0.19 0.59 -0.11 -0.22 -0.06 0.27
6. Application of local feed -0.21 0.77 0.32 0.03 0.12 0.07
7. Fish disease control -non-chemical method -0.03 0.63 0.21 -0.03 0.13
PHYSICAL CHARACTERISTICS: Factor 3
1. Water depth <1.5m -0.30 -0.24 0.64 0.33 -0.02 0.11
2. Regular maintenance of water supply structures 0.16 0.28 0.63 0.03 0.21 om
3. Regular maintenance of pond dikes 0.24 -0.16 0.71 -0.31 0.22 0.15
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Table·t Socioeconomic characteristics associated with adoption of management and technological practices b~' fish pond operators in Nepal, 1994.
Socioeconomic characteristics Factor 1: Factor 2: Factor 3: Factor 4: Factor 5: Factor 6:
Fish seed Inputs Ph~'sical Other Integration Record
characteristics management keeping
0.023 J7 -0,1575 0.0607 0.5312 -0.0303 -0.7712
Age (years) (0.0073) (0.1123) (0.0449) (0.0281) (0.0506) (0.2315)
-0.0003 0.2315 -0.0021 -0.0441 0.0041 -0.0403
Age-squared (0.0001 ) (0.2211) (0.0023) (0.0219) (0.0066) (0.0312)
0.4321 0.6714 0.0651 0.4418 0.5411 0.3216
Years of schooling (0.2235) (0.1423) (0.0391) (0.1994) (0.2428) (0.J711)
-0.0031 -0.2339 -0.0121 -0.23)6 ~O.1145 0.1214
Family size (number) (0.0042) (0.1179) (0.0215) (0.1514) (0.6894) (0.0631)
-0.0033 -0.141S -0.2314 -0.1153 0.1121 0.2215
Total culti\"able area (ha) (0.0045) (0.0734) (0.1211 ) (0.1001) (0.0606) (0.1855)
-0.0317 -0.2014 ·0.4445 1.6413 0.0402 0.2311
Fish pond water surface area (ha) (0.0109) (0.1138) (0.1994) (0.4467) (0.0401) (0.1598)
-0.3263 -0.4571 ·0.6521 0.2612 0.1211 0.3215
Traditional pond (yes= I. no=O) (0.1711 ) (0.1819) (0.3001) (0.3211) (0.1105) (0.4467)
0.0218 0.2315 -0.0223 -0.2314 0.1211 -0.0302
Source of technical information (public= I. pri\"ate=O) (0.0221) (0.5001) (0.1214) (0.1129) (0.1761) (0.0506)
0.1519 1.1287 0.1104 0.6677 0.4312 0.0004
Cash a\"ailability (yes=l. no=O) (0.0603) (0.6111) (0.0912) (0.3412) (0.2215) (0.0006)
-0.0040 0.0023 0.0021 0.1214 0.2211 -0.1211
Source of fish seed (public= 1. pri"ate=O) (0.0056) (0.0041) (0.0032) (0.0700) (0.1218) (0.0821)
Incidence of fish disease in last three years 0.0024 0.0059 -0.0210 0.2311 -0.2311 -0.0203
(\"es= 1. no=O) (0.0038) (0.0048) (0.0209) (0.1217) (0.5426) (0.0402)
-0.4671 -1.3118 -0.4514 -0.7853 -1.4312 -0.3212
Distance to the nearest fish market (kms) (0.2516) (0.7121) (0.2214) (0.3311) (0.6676) (0.1632)
-0.7314
-0.6532 0.2213 -0.5612 0.2115 0.1213
Distance to the major input source (kms) (0.3316) (0.3145) (0.3515) (0.2813) (0.1515) (0.1997)
0.0002 0.2316 0.0321 -0.1215 -0.9652 0.5621
Ethnicity (Brahmin=1. others=O) (0.0003\ (0.3319) (0.0505) (0.0312) (0.3513) (0.2299)
1.4127 -1.2361 0.5312 3.1211 0.6531 -1.0302
lnlerccpt (1.3215) (0.5617) (0.3217) (0.9977) (0.4521) (0.5621)
Adjusted R-squared 0.39 044 0.32 0.55 0.28 0.35
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A FARM ENTERPRISE RISK EVALUATION MODEL
FOR USE BY FARM CONSULTANTS
C K G Dake', J S Squire2and S Pollock'
'Agricultural and Horticultural Systems Management Department
Massey University, Palmerston North
2Ministry of Agriculture and Fisheries, POBox 2526, Wellington
ABSTRACT
QuantifYing the trade-off between farm income and risk can assist a farmer to combine
enterprises that achieve a desired target farm income at acceptable risk. The calculation
of a risk efficient combination of enterprises has in the past required sophisticated
mathematical programming techniques which are not easily accessible to the farmer or
farm consultant. A risk model that could be used for routine farm consultancy would
be of benefit to farm consultants and their clients.
This paper presents preliminary results of a risk model that is being developed for use
by farmers and farm consultants. Variables that can be used to describe an enterprise
are modelled using a database package, Microsoft Access. Simulation of variation in
farm income or the optimal selection of enterprise combinations for a specific level of
risk are achieved using a spreadsheet package, Microsoft Excel, and a Monte Carlo
simulation package, @Risk.. Preliminary results indicate that the risk model is
sufficiently robust for use in farm consultancy.
MODELLING RISKY FARM INCOMES
The model used in the pilot study is based on the Target MOTAD risk model which is
concerned with the minimisation of negative deviation of net revenue from a target
income (Hazel, 1991; Parton and Cumming, 1990). The model comprises two main
components, a Monte Carlo simulation model of farm enterprise net revenue and a
mathematical programming model that can be used to determine the optimum
combination of enterprises (Dake and Squire, 1994). A schematic representation of
the risk model is shown in Figure I.
Monte Carlo simulation model
Enterprise gross margin templates were developed for the following pastoral
enterprises; breeding cow, finishing cattle, breeding deer, deer velvet, finishing deer,
factory supply dairy, dairy grazing, breeding ewe, wether flock, and finishing lambs.
Variability in net revenue was achieved by representing production, stock loss and
price variables by their distributions and then ·using a Monte Carlo simulation
approach to select values from these distributions. Spearman's rank correlation
coefficient between variables was used during the simulation. Thirty gross margins
were developed using the @Risk package (Palisade, 1990) for each enterprise and
stored in spreadsheet for use in a whole farm simulatio~ and optimisation model.
INTRODUCTION
Monte Carlo
Simulation Target
Income
Desired
Downside
Risk
Income from a pastoral farming enterprise can be highly variable, reflecting the
inherent variability in farm product prices, pasture production, pasture quality and
animal response. Farmers can combine enterprises to minimise the variability in total
farm income while achieving a desired level of farm income (Martin and Lee, 1990;
Dake and Squire, 1994). In general, farmers select enterprise combinations which
result in a trade-off between farm income and risk. A measure of risk which is defined
by the distribution of net farm income that falls below a target income is appealing to
pastoral farmers and their consultants, especially in periods of low farm product prices.
30 possible
gross margins
per enterprise
Farm simulation
Farm optimisation
Model
Sophisticated risk programming techniques have been developed which can be used to
identifY a combination of farming enterprises that yield a maximum income to the
farmer for a given level of risk (Pederson and Bertelsen, 1986; Parton and Cumming,
1990; Dake, 1993; Dake and Squire, 1994). With the advent of reasonably priced
computer spreadsheets and associated simulation and optimisation packages, risk
programming techniques are now accessible to the farm consultant.
This paper presents the interim results of a study that will develop a risk programming
package for routine use by farm consultants.
Figure 1 The risk model.
Risk efficient farm plans
Desired farm plans
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Whole farm simulation and optimisation model
The results from the Monte Carlo simulation model can be used to determine the
distribution of net income of combinations and levels of farm enterprises. Enterprises
are normally selected by the farmer for a number of reasons. Their selections may not
necessarily maximise net income for a given level of acceptable risk.
A mathematical programming model can be used to select enterprise combinations in order
to maximise expected net revenue (2) subject to constraints of available land classes,
seasonal pasture growth, seasonal labour availability, target income and risk (In this case
risk is defined as the mean negative deviation of revenue from a target income).
The linear programming model (Parton and Cumming, 1990) may be stated as:
Maximise 2 = R' X
subject to: A X < B; R' X + d- > T; Pd- < 0; X, d- > 0
Where
R' = is a series of m, I x n simulated net revenues for each enterprise option
derived from the simulation model described above;
R = I x n vector, the mean ofR';
X = I x n vector ofactivity (enterprise) levels;
B = I x k vector of resource constraints;
A =k x n matrix of resource requirements;
T =m x I vector ofequal target income (fixed financial obligation);
d- = I x m vector of negative deviations from target;
P = I x m vector ofprobabilities (each equal to 11m);
D =a scalar, parameterised from 0 to a large value (desired expected negative
deviation from T);
n =number ofactivities (farming enterprises);
m = number ofobservations;
k = number of resource constraints;
The mathematical programming model was developed using the non-linear solver of
Microsoft Excel (Micosoft, 1994).
Average farm net revenue and its distribution below a target income can be used to
evaluate and compare farm plans. The number of times that net fann revenue falls below
target income and the extent of such under achievement are measures which have meaning
to farmers.
DATA MODELLING
A considerable amount of farm and enterprise data needs to be stored and accessed
efficiently during farm consultation. It is envisaged that the results of the Monte Carlo
simulation model of farm enterprise gross margins would be stored and accessed when
the farm consultant is evaluating farm plans with a client.
A relational database is developed in Microsotl Access for data management. Data
about a farm and enterprises are stored in four tables. A description of data items is
shown in Table I. Programs have been written in Microsotl Visual for transfer between
the database package and the spreadsheet used for the evaluation of whole farm plans.
Table I Description of entities of the enterprise database.
Name Dala Type Size Comments
TABLE FPROFILE Paslure produclion table
Column FannID Text 15
Colnmn Year Texl -l
Column Mouth Texl \()
Column Item Text 15 Item list: Flal. Hill. Sleep
Column Value Number 4 'X, of annll<11 produclion
TABLE LABOUR Labour available onlhe farm
Column FarmID Text 15
Colullln Year Text 4
Column Month Text 10
Column Labour Supply Number 4 %1 of 1I111111al stlpply
TABLE PHYS-RESOURCES Physical resources
Column FarmID Te.'1 15
Colnmn Year Text 4
Column Item Text 15 • See footnote
Column Valne Number 4
TABLE POLlCYTABLE Farm policy lable
Column PolicyID Text 10
Column PolicyDescription Te.xt 70
Column MeanGrossRev Cnrrency 8
Column MinGrossRev Currency 8
Column MaxGrossRev Currency 8
Column StdGrossRev Currency 8
Column ModeGrossRev Currency 8
Column VariableExp Currency 8
Column LabrHrslSU Number 4 Annnal labour required
Column StockUnitsCarried Number 8 If policy is pasloral
Column Area Nnmber 8 If policy is forest or cropping
Column Restrict to Flat YesINo I
Column Restrict to Hill YesINo I
Column Restrict to Steep YesINo I
TABLE SPROFILE
Column PolicyID Text 10
Column Month Text 3
Column FeedReqd Number 4 l}{, of anuual requirement
Column LabourReqd Nnmber 4 0../0 of annual requiremellt
• Item list: % Flat. % Hill. % Steep, Flat Carrying Capacity, Hill Carrying Capacity. Steep Carrying
Capacity, Annual Labour Available, Annual Pasture Production. Stock Unit Conversiou. Annual
Pasture Utilisation
MODEL TESTING AND DISCUSSION
Time series data applicable to the Central Otago region were used to develop
distributions used in the Monte Carlo simulation model. The distribution of enterprise
gross margin derived from the simulation model are shown in Table 2. The use of
average farm data may have caused the finishing lambs enterprise to register a negative
minimum gross margin. It would have been preferable to use the time series data of
an individual farm.
The risks associated with this farm plan is shown in Table 3 and Figure 3. The mean
negative deviation of $6,724, and a maximum under achievement below the target
income is $43,641. The farm plan will not achieve the desired target income 27 % of
the time.
Performance of a breeding ewe and fattening cattle entel'IJI'ise mix.
651
5,045
5,000
Available carrying capacity (su)
Total sheep and cattle (su)
Area selected
Available area (ha)
Table 3
Distribution of enterprise gross margins,Table 2
4,000
1,000
0.2
---Net Farm
Revenue
- - - Target Income
225.7X I
(6.724)
(43.641)
27
Comparison of net farm and target income for a 651 lIa farm
carrying 4000 su of breeding ewes and 1000 Sll of fattening cattle.
Figure 3
Iteration
Expected revenue ($)
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The frequency distribution of farm revenue of a farm plan that carries 5000 stock units
(su) of sheep and beef on 651 ha is shown in Figure 2. The enterprises included in the
farm are 4000 su of breeding ewes and 1000 su of fattening cattle. The farmers target
income is $200,000. The mean net farm income $225,781, with a minimum and
maximum of $157,000 and $282,000.
IJl:ta distribution
sampk paramekr
POLICY 10 DESCRIPTION MIN MAX ~tEAN STD BETA I BETA2
Cattlel Breeding Cow 32 57 42 6 1.07 1.54
Cattle2 foinishing Cattle 3R 199 122 34 2.41 2.21
neerl Breeding Deer 4) 201 118 38 1.35 1.64
Deer2 DeerVelvd 26 313 17R 72 1.5') 1.41
DeerJ Finishing Deer 129 ]00 234 66 0.37 0.2.1
Dairyl Factory Suprly Dairy 90 103 97 3 2.17 2.04
Grazingl Dairy Grazing 16 33 21 4 0.64 1.69
Sheep I Breeding Ewe t9 33 26 1 IAI 1.46
Sheep2 Wether Flock 24 37 11 3 2.04 0.82
Sheep3 Finishing Lmnhs -37 76 20 26 I.RR I.R6
See Anderson. Dillon and Hardaker (1977) for Ihe calculation of the shape paramelers of the beta
distribution.
~
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CONCLUSION
Figure 2 Frequency distribution offarm net income for a 651 ha farm carrying
4000 su of breeding ewes and 1000 su offattening cattle. Preliminary results of a model that can be used by farm consultants to assess the risks
of a farm plan have been provided for this study. Pilot tests of the model indicate that a
~
N
~..
simple and efficient risk modelling package will be used by farm consultants during the
development offarm plans.
The model is being developed in Microsoft Excel, @Risk Monte Carlo simulation
package and Microsoft Access. There are considerable computing overheads in the use
of these packages. However, it is felt that development of the risk package should be
continued using these packages until an acceptable model is completed.
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The Economics of Soil Compaction: A Case Study from the Manawatu.
Frank Scrimgeour'
University of Waikato
Alllirn.ct
Soil Compaction is a problem for Manawatu arable farmers as reported by Shepherd (1992) who
presented an initial analysis of the problem. This paper builds on Shepherd's analysis including
preliminary results of contingent valuation studies of farmers and the wider community. The
paper presents initial results indicating the significance of soil compaction to the Manawatu.
'The author acknowledges the funding of Manaaki Whenua - Landcare Research and the
assistance of Graham Shepherd, Peter Stephens, and the farmers interviewed.
The Economics of Soil Compaction: A Cllse Study from the Mllnllwlltu.
Introduction
This paper reports some initial results from an economic study of soil compaction in the
Manawatu. The study which was commissioned by Landcare Research included three different
surveys: a survey of the public, personal interviews with individual farmers and a postal survey
of farmers. The work was carried out by Dr Frank Scrimgeour and a class of graduate students
in natural resource economics at the University ofWaikato (Awatere et aI, 1995).
The Manawatu-Wanganui region
The Manawatu-Wanganui region is a significant arable region within the North Island of New
Zealand with 17% of the area suitable for crop production. Crops grown include maize, wheat,
barley, peas and potatoes among others. Historical plantings and yields have been documented
in Agricultural Statistics produced by Agriculture New Zealand. The soils of the region have
been described by Molloy and Christie (1988) and rated by Shepherd (1992) in terms of their
susceptibility to soil compaction. He notes 64% of the arable land is highly susceptible to
compaction under poor management while 22% is moderately susceptible and only 14% has a
low susceptibility.
The nature of the soil compaction problem
The problems of soil compaction have been described in the literature. They include increased
tillage cost, a reduction of topsoil depth through wind erosion, poor seed germination and
emergence, poor plant growth and vigour, resowing and uneven ripening rates, delays in sowing,
root diseases and increased susceptibility to insect pest attack, reduced crop yields and grain
quality despite improved agronomic inputs and increased fertiliser requirements (Shepherd,
1992)
Potential solutions to the soil compaction problem
Possible ways to minimize the problems of soil compaction have been identified. They include:
the adoption of rotational farm management, ploughing and cultivating in appropriate moisture
conditions, drainage, using traditional cultivators, minimizing cultivation, reducing axle loads,
deep ripping, incorporating crop residues, preventing stock trading, raising the soil pH with lime,
sowing ameliorative crops and the utilisation of controlled traffic techniques (Shepherd, 1992).
Research Question
The fundamental research question is determining the marginal economic value of uncompacted
soils over compacted soils. Compacted soils produce a lower return due to lower revenues and
higher costs as shown in figure 1. The reduction in profitability reduces the value of the asset.
In addition to the direct losses to farm incomes it is important to note the long term impacts of
severely compacting soils. These soils may take in excess of 50 years before organic matters is
built up and soil structure suitable for cropping is restored. Reduction in farm output due to soil
compaction impacts the viability of the local economy. Furthermore compaction of the soil may
negatively impact the welfare of the wider community due to their knowledge that the
environment is not being adequately protected and the options for future use are being
constrained.
Research Method
Figure 1: The Impact of Soil Compaction on Gross Margins
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Given the research goal of determining the economic value of uncompacted soil the researchers
focused on the following tasks:
a) determining public awareness of soil compaction
b) determining farmer awareness of soil compaction
c) estimating the costs to farmers of soil compaction
d) estimating the benefits to farmers from reducing soil compaction
e) estimating the benefits to the community from reducing soil compaction.
The researchers carried out three different surveys: a survey of the public, personal intcrviews
with individual farmers and a postal survey of farmers. The survey of the public tested general
awareness and generated some values via contingent valuation. The personal interviews with
farmers provided some robust data on inputs and yields and some qualitative interpretative data
as well as serving as a pretest of questions for the postal survey. The postal survey of farmers
provided both quantitative and qualitative data as well as some values via contingent valuation.
Public Postal Survey
Survey method, response rates and respondents
A random sample of 240 was taken from three electorates in the Manawatu region. The survey
was based on the assumption that individuals know nothing of the nature of the effects of soil
compaction. Background information was supplied highlighting various areas of imp0I1ance such
as the causes of soil compaction, the adverse effects of soil compaction and the magnitude of the
problem. Soil compaction was listed with various other environmental problems and respondents
were asked to rank them in order of importance. The CVM questions used a selection of
payment vehicles including taxes industry levies, donations and price increases. A simple set of
sociodemographic questions were also asked.
Of the 240 surveys posted 63 useful responses were received by the cut off date. Twenty seven
surveys were returned due to wrong addresses and so the overall response rate was 30%.
Perceptions of the problem
Soil compaction seems to be a problem which is not well known. When asked "before today
have you heard about soil compaction?" 72% of respondents said no while 28% said yes.
Respondents were asked to rank soil compaction with six other environmental problems, by
ranking them in order from I to 7, with I being the most significant. The result was ozone
depletion was ranked most important (2.4), followed by industrial pollution (2.65), global
warming (3.55), pest control (3.57), soil erosion (3.73) endangered species (4.30) while soil
compaction (5.06) was rDnked the lowest. The low ranking confirms the observation that soil
compaction is a problem relatively unknown by the wider community.
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(iii)
(IV)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
Willingness to pay for protection ofsoils from compaction
The respondents were also required to rank four funding methods for the prevention of soil
compaction on a scale of I to 4 with I being the most preferred. Industry levies were most
preferred (1.84) followed by price increases (2.5). These results appear to reflect the view that
users of a resource should pay the price of its protection. The public appear to accept the view
that producers should pay the costs and as they are able pass the costs on to consumers. The trust
fund (2.89) and taxes (2.96) were least preferred.
Willingness to pay for the protection of soils from soil compaction was estimated by obtaining
an average of the responses to three payment vehicles (taxes, trust fund and price increases). The
highest annual willingness to pay related to price increases ($890) followed by taxes ($69) and
trust fund ($64). Using these figures total willingness to pay for the survey region was estimated
as being $54m from price increases, $4m in taxes and $4m in terms of a trust fund.
Public policy and responsibility for soil compaction
Most respondents felt that fanners should be responsible for the soil compaction problem with
58% specifying farmer responsibility, 27% local government and 31 % central government.
Farmer Interviews
Survey method, response rates and reJpondents
w
~ A sample of 12 farmers were selected by Landcare Research for a more in depth personal
interview based on their years of arable farming experience, their understanding of the issues and
their openness and ability to communicate in an interview. Eleven farmers were interviewed of
which 8 were owner operators. The farmers surveyed had on average produced crops for 16
years. Seven farms grew maize, 8 grew wheat, 6 grew barley and 4 grew potatoes. The farms
were located on 5 different soil types.
Perceptions oftlze problem
The farms surveyed confirmed scientific reports that soil compaction is a problem. Six
respondents saw soil compaction as a significant issue and the other five signified it was a major
problem.
The problem was particularly apparent to potato growers who are leasing land off other farmers
to grow their potatoes. This provides the opportunity to return some of their ground to pasture.
Problems identified included:
(i) poor soil structure, aeration and associated low worm populations
(ii) water pooling, especially on headlands and near gatewajs
(iii) unstable plants or poor health with roots lacking penetration and producing low yields
(iv) the need for more tractor power and cultivation to prepare seedbeds.
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It was recognised by most respondents that the primary cause of compaction was untimely
operations. It was also noted that heavy equipment being brought onto the field (including
produce bins) compounded the problem as did the grazing of callie on stubble. A major problem
identified was contactors who are not sensitive to soil conditions but just committed to getting
the job done. Examples given related to ploughing, cultivation and harvesting and signal the
importance of contracts specifying appropriate and inappropriate times for action.
Soil Compaction Remedies
The primary mechanisms to minimise soil compaction problems identified were:
(i) crop rotations high include pasture (sometime this involved swapping land with dairy
farmers),
careful timing of tillage operation
appropriate tillage equipment (in terms of both design and weight)
minimizing the number of passes over the ground
subsoiling
good drainage systems
careful timing of potato harvesting
ploughing in straw
careful placing of bins and other heavy objects off the paddock
ploughing in greenfeed.
Reportedfertiliser use, crop yields and gross margins
Farmers reported the following information concerning nitrogen application, crop yields and
gross margins. These results must be treated with caution until they are validated against other
information gathered and external sources of information. The yields reported are higher than
those reported in the December 1994 MAF Farm Monitoring Report North Central.
Table 1: Crop Data
Crop # growers kg N/ha Yield t1ha GM/ha
Maize 6 177 10.5 $1660
Wheat 7 145 6.3 $1260
Barley 6 108 6.5 $1135
Potatoes 3 116 50.4 $6925
The profitability of arable production is very sensitive to yield. The range of maize yields
reported was wide. Table 2 indicates how these variations potentially impact gross margins.
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Table 2: Maize Data
IQW yield ave yield high yield
Yield (tJha) 5 10.5 16
Revenue ($) $1400 $2945 $4480
Fertiliser ($) $340 $340 $340
Harvest CQsts ($) $300 $630 $960
Other direct CQsts ($) B20 $320 $320
TQtal direct CQsts ($) $960 $1290 $1620
GMiha ($) $440 $1660 $2860
Indirect CQsts $500 $500 $500
Net return per ha -$60 $1160 $2360
~ Willingness to pay for protection ofsoils fram compaction
-....J.
Soil compaction significantly reduces land prices where there are infQrmed buyers. Occasionally
uninformed buyers enter the market (as has sometimes happened with agents purchasing land for
dairy conversiQns) and buy land in excess of its productive value. HQwever such uninfQrmed
buyers bear the costs and severely compacted SQils produce lower pasture yields as well as IQwer
crop yields. All farmers spoken to carefully discQunt the value of compacted SQils.
Public policy and responsibility for soil compaction
There is little evidence that soil compactiQn causes Qffsite effects and the general feeling was
that the primary respQnsibility for remedial action lies with farmers themselves. However non
Kairanga farmers said wind blow of soil was a prQblem on the Kairanga and out tQwards the
Otaki-Levin coast.
Farmers were cautiQns about Regional Council involvement with soil compactiQn issues. They
felt the primary need was education but this was deemed to be incQmpatible with the Regional
Council's regulatory functiQns. There was also CQncern that regulatQry agencies would not be
technically competent tQ give appropriate advice.
Farmers were keen for research and educatiQn tn cQnsider. They felt the primary responsibility
for this lay with farmers and farmer levies but many also felt it was appropriate for there to be
regional and natiQnal funding as well.
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PQstal Survey Qf Farmers
Survey method, response rates and respondents
The participants in the pQstal survey Qf farmers were selected Qn the basis Qf information
obtained via satellite imagery. This identified which crops were being grown in which paddock
at the time of the phQtograph in February 1995. This enabled the surveYQr to locate the farm and
deliver the survey instrument.
The survey was based on the public survey a1Qng with mQre specific agronomic questions based
on the personal interviews.
Seventy surveys were distributed and at the cutoff date 28 had been received giving a response
rate Qf 41 % given that one survey had been delivered to a nQn-arable farmer.
The average farm size of the respQndents was L06ha with 70% being used fQr cropping. The main
crops grown were maize, wheat, sweet corn, barley and peas.
Perceptions of the problem
The survey returns showed that nearly all respondents thought soil compaction was not a problem
on their farm but they did think it a problem fQr Qther farn)s in the Manawatu.
When the respondents were asked to rank in order Qf impQrtance soil compaction alQng with six
other environmental problems the result was QZQne depletion was most significant (1.75),
fQllQwed by global warming (3.13), pest cQntrol (3.63), soil compaction (4.13), industrial
pollution (4.5) endangered species (5.25) and soil erosion (5.63).
It is interesting to nQte that farmers rated soil compactiQn relatively more significant than the
general public.
Farm practice and soil compaction
Farmers reported the following practices used tQ prevent soil compactiQn:
i) crop rotation
ii) deep ploughing and ripping
iii) avoiding the cultivation Qf wet soils, and
iv) aVQidingthe use of heavy machinery.
Willingness to pay for protection ofsoils from compaction
Farmers willingness to pay to avoid soil compaction was estimated by getting them to state their
preparedness to pay for uncompacted land Vu and their preparedness to pay for compacted land
Vc. The difference between the two (Vu-Vc) is the present value of the CQst Qf cQmpaction.
Alternatively this can be presented as an annual willingness to pay by multiplying the present
value figure by a discount rate.
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$750
$18m
$36m
$48m
Area compacted
24368 ha
48,736 ha
73,104 ha
Table 3: Annual Income cost of Soil Compaction in Manawatu-Wanganui
GM reduction per ha
$250 $500
$6m $12m
$12m $24m
$18m $36m
Assumption
10% compaction
20% compaction
30% compaction
Assuming a discount rate of 10% farmers average annual willingness to pay was $185 per
hectare. Using a 5% discount rate the figure is $93 per hectare and a 2% rate the figure is $37 per
hectare.
These figures can be compared with an alternative approach which asked farmers what payment
they would require to persuade them to take land from crop production and keep it in pasture.
Average willingness to pay in this case was $61 per hectare.
w
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Public policy and responsibility for soil compaction
When the respondents were asked to select the authority responsible for paying the costs of
avoiding soil compaction among central government, local government and individual farmers
89% selected individual fanners. Generally farmers responded that central and local government
should not be involved in the issue and that farmers should be responsible for their own land
management practices, although some felt local government should be partly involved in the
prevention of soil compaction. The majority of respondents thought an appropriate role for
government would be the provision of technical support and information. Only 10% of
respondents supported the option of subsidies to retire land.
Soil Compaction Decisions at the Farm Level
Soil compaction clearly increases costs and decreases yields. Action can be taken to reduce the
extent of soil compaction. This has costs in the short run. The information gathered suggests that
the size of the loss has to be estimated over a period of several years so that the benefits as well
as the costs of soil protection policies are revealed. It is clear that where care is not taken to
prevent land degradation the land becomes unprofitable for cropping and reverts to pastoral
faiming. The loss to the community is the lower gross margin per hectare.
Talking to farmers suggests at least 10% of this region suffers from at least moderate soil
compaction. Thus the lowest possible estimate of the annual cost is $6m. This is equivalent to
a loss of asset value of $60m assuming a 10% discount rate. However these values may be too
high if in fact the are susceptible to compaction is larger than the area being used for crop
production.
Key Issues Concerning Soil Compaction
The critical issues with regard to soil compaction relate to farm decisions, scientific knowledgc
and policy options. Farm decision making is complicated by climatic and biological variation.
Soil moisture may be appropriate when one starts cultivating a field but it may be too dry when
one finishes. Furthermore soil compaction impacts may be masked by fluctuations in weather or
prices or the use of other inputs. Scientific knowledge needs to develop providing better
information on the relationships between farm practices, soil structure und crop yields. Policy
makers have to resolve to what extent soil compaction is just a farmer problem and what they can
do about it given any wider community concern.
Conclusions
Soil Compaction Decisions at the Regional Level
Shepherd reports 243,680 ha in the Manawatu-Wanganui area is highly susceptible to
compaction. The following table estimates the potential econOI.lic costs of soil compaction in this
region.
Farmer concern about soil compaction, as seen in the management decisions, and the sheer size
of the estimates of soil compaction suggest it is important to :
i) do an audit to systematically check the degree of soil compaction in the area
ii) do further research on ways to minimize soil compaction
iii) educate farmers and contractors of the cost of compaction and the means to minimize its
occurrence
iv) develop farm models which present alternative farm decisions over at least a 10 year time
horizon and show the economic and biophysical results
v) validate the results generated to date
vi) develop the analysis further using probability distributions of soil structure, prices, yields
and costs.
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Public Survey
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The value of protecting our soils.
Section One:
Question One:
Before today have you heard about soil compaction?
Yes (Please tick)
No......
Background Infonnation
Current land management practices in New Zealand can result in marked deterioration of soll.
This deterioration can be in the form of an increase in the density of soil. A common cause could
be a hea\"y tractor compressing the soil beneath it in wet weather, which damages the
structure of soil. This is called soil compaction. A deterioration in soil structure can also result
from the o\"er cultivation of many of our soils and by untimely stock treading.
The loss of soil structure gives rise to a number of adverse effects, that greatly influence the
profitability and sustainability of crop farming. These effects include:
If YES where did you hear it from? _~ _
Question Two:
Rank the following environmental problems in order of significance to you.
(l through to 6, with 1 being most significant and 6 being less significant>
-Increased cultivation costs
- A reduction of topsoil depth through erosion
- Poor plant growth and vigour
- Resowing and Wleven ripening rates
- Delays in sowing
- Root diseases and an increase chance of pest damage
-Reduced crop yields and grain quality despite improved farming techniques
-Increased fertiliser requirements
Ozone depletion and the ozone 'hole'
Pest control {ego rabbit and possum) .
Endangered species .
Global warming __
Industrial pollution .
Soil compaction .
Soil erosion .
These effects and their economic impacts become more severe as the degree of soil compaction
increases.
Soil compaction is an intemational problem. For instance, Australian fanners regard soil
compaction as their number one land problem. In the United Stales of America, billions of
dollars of crop production is lost annually due to soil compaction. Locally, soil compaction has
led to a drop in crop yields of between 15 to 30'% (DSIR, 1991). These lower crop yields are
often accompanied by increased production costs for cereals and other arable/market garden
crops.
However there are various practices that could be adopted to minimise and remedy soil
compaction.
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Question Three:
The prevention of soil compaction will require funding of research, soil repair,
and development of soil management plans. Four methods ha\·e been suggested:
-taxes;
- industry levies;
-donations;
-and price increases.
Funding can be raised by an increase in taxes payable by everyone through the
local body rating system. J\..ltematively industry levies could be collected to fund
these activities. A third method is to establish an independent conservation
trust, funded through aIUlual donations made by the public. The fourth
alternative is for farmers to pay higher production costs for cereals and other
crops. These costs would rise through farmers adopting soil preser:vation
techniques. Some of these costs would be passed onto consumers.
Rank the followina alternatives in order of preference.
(1 through to 4, , ..;~h 1 being most preferred and 4 being least preferred)
Taxes...
Industry Le\'ies
Donation to a trust fund .
Increase in food production costs .
Comments _
Question Seven:
Indicate below who should be responsible for the soil compaction issue.
Central Government __
Local Government....
Rural Landowners __
Section Two:
For statistical purposes the following information is required.
Question One:
Please indicate which age group you are in.
18-30 years
31-45 years .
46-60 years .
61+ years
Question Two:
Please indicate which household income (Pre· tax) group your household is in.
under $10,000 .
$10,001-$20,000 .
$20,001-$30,000 .
$30,001-$40,000 .
$40,001-$50,000 .
$50,001-$60,000 .
$60,001-$70,000 .
$70,001-$80,000 .
$80,001-$90,000 .
$90,001-$100,000 .
$100,000+ __
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Question Four:
If it "..'as decided taxes were to be used to fund soil compaction prevention, what
is the most you would be Willing to pay per year?
If you are unwilling to pay anything, please comment
Question Five:
If it was decided to create a trust fund dedicated to preventing soil compaction,
what ,·...ould be the most you would be willing to pay per year?
If you are unwilling to pay anything, please comment
Question Six:
A: How much does your household spend per week on food products?
B: How much more per week would you be willing to pay for food produced
using soil preservation techniques?
If you are unwilling to pay anything, please comment:
Question Three:
Please indicate your current sector of employment.
Agriculture __
Manufacturing __
Professional.. __
Retailing __
Retired __
Student .
Not currently working.... __
Other .
Please Specily, _
Question Four:
Which category most accurately defines where you live?
Rural area .
Urban area .
Lifestyle block __
Would you like to add any further comments?
Please return in the pre·paid envelope provided as soon as possible.
Thank you for participating in this survey.
Personal Interview of Arable Farmers
Farmer Number.
VYhat is the size of your farm?
Do you own the fann?
How long have you fanned this property?
What type of crops do you grow?
What range of yields do you get?
What GM/ha do you get for your crops?
How have the GM's varied over recent years?
Is soil compaction a problem?
Has the amount been increasing over the years without any increase in
productivity?
Do you have any weed problems?
Are you using more or less herbicides than five years ago?
Do you notice any off site effects resulting from soil compaction?
Should the regional council be concerned ~bout soil compaction?
How should soil compaction studies and soil repairs be funded?
Have you employed a fann advisor in the last 5 years?
Have you been to a field day in the last hvo years?
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-For you?
."Why or why not?
If yes, is the problem getting more seve.~e?
What adverse effects do you see from soil compaction?
What are the techniques you employ to avoid soil compaction?
How did you choose them?
How effective are the techniques?
Did you consider using other techniques for minimising soil compaction?
Do you use fertilisers?
2
If you were buying more crop lands:
• how much would you be prepared to pay per hectare for good quality
cropping land?
• how much would you be prepared to pay per hectare for good quality
cropping land that has been continually cropped for ten years?
4
Postal Survey of Arable Farmers
Survey#__
The value of protecting our soils.
Background Information
Current land management practices in New Zealand can result in ::r.a.-l::ed deterioration of
soils. A common form of soil deterioration is an increase in the de..-:sit;.· of L'":e soil This could be
the result of a heavy tractor compressing the soil, in ",'et weathe~, \duch damages the soil
structure. Tnis is called soil compaction. A deterioration in soil s:::-U~e can also result from
the over cultivation of many of our soils and by untimely stocking of pastures.
Tne loss of soi.! structure gives rise to a number of adve!se effec:s. l"at greatly influence the
profitability and sustainability of crop farrn..i..'\g. These effects ir.:h:::e:
-Increased cultivation costs
-A reduction of topsoil depth through erosion
• Poor plant growth and vigour
-Resowing and uneven ripening rates
• Dela)'s in sowing
• Root diseases and an increase chance of pest da...nage
- Reduced crop yields a:1d grain quality despite impro\'ed fa.-::-.L'g techniques
-Increased fertiliser requirements
These effects and their economic impacts become more severe as the degree of soil compaction
increases.
Soil compaction is an international problem. For instance, Aust;alian farmers regard soil
compaction as their number one land problem. In the United States of America, billions of
dOllars of crop production is lost annually due to soil compaction. Locally, soil compaction has
led to a drop in crop yields of between 15 to 30% (DSIR, 1991). Tnese lower crop yields are
often accompanied by increased production costs for cereals and other arable/market garden
crops.
How:ver there are various practices that could be adopted to mi.n.imi.se and remedy soil
compaction.
Section One:
Question One:
Is soil compaction a problem on your farm?
yes................ (Please tick)
No .
Question Two:
..-.-
Is soil compaction a problem on other farms in the Manawatu?
yes................ (Please tick)
No .
Question Three:
Rank the following envirorunental problems in order of significance to you.
(l through to 7, with 1 being most significant and 7 being least significant)
Ozone depletion and the ozone ·hole· __
Pest control (eg. rabbit and possum) __
Endangered species __
Global v.·arming __
Industrial pollution __
Soil compaction __
Soil erosion __ __
Note
1 Hectare = 2.47 aCres
Question Four:
What is the total size of your farm?
_____ hectares
Question Five:
1 acre = 0.4 Hectares
Question Nine:
A.re you aware of any reductions in your crop yields that are due to soil
compaction?
Yes / No
If yes, please state the crop and how much the yield falls over time.
How "'Uuld you describe the soil type of your farm?
Question Six:
How many hectares are used for crops?
_____ hectares
Question Se~-en:
Y\'hat type(s} of crops do you grow a~d .......hat yields (min, avg, max) do you get for
each crop? (Feel free to answer in lb/acre or kgJ11ectare)
Question Eght:
Do you use a regular crop rotation system? If so please describe.
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Question Ten:
Please desG:;,e your fertilizer program.
H2S F'ur fertilizer program changed over time? Please specify
Question Eleven:
Do you ha\'e any p~o~lemswith soil erosion by wind or water? Please specify.
MonoworU~;;I' L.U,I't--'V... ,,,..." ........uT ", ....
Question Twelve:
Do you have any weed problems? If yes please specify l~em.
Question Thirteen:
VYhat techniques are you currently using to avoid soil compaction? For example,
do you use deep ripping of soils. Please specify.
Question Fourteen:
How much would an informed buyer be willing to pay for an additional hectare
of good cropping land that does not suffer from soil compaction?
_____ per hectare
How much would an informed buyer be willing to pay for an additional hectare
of cropping land that is suffering from soil compaction?
, per hectare
Comment _
Question Seventeen:
If a subsidy was paid for farmers to retire land from crop production, and the land
could only be used for pasture for the next two years, what is the minimum
annual payment that you would be v"illing to accept to retire one hectare of your
cropping land?
' per annum
Question Eighteen:
Would you like to receive mo!p information on the issue of soil compaction?
Yes I 1'\0
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Question Fifteen:
Indicate below who should be responsible for paying the costs of a....oiding soil
compaction.
Central Go\·emment .
Local Govemment.. __
Individual Farmers __ .
Corrunent: -"- _
Question Sixteen:
There are hvo suggested wars in which the government could contribute to the
prevention of soil compaction. They could provide information and technical
details on everyday soil management through newsletters and visiting
consultants. Or they .(:.()Uld institute a program. similar to that used in the USA,
where farmers are paid to retire land with soil compaction problems from crop
production.
If the government. became in\'olved what form of assistance do you think they
should provide to farmers?
Information and Technical support.. __
Subsidies to retire land __
Other (specify) _
Corrunent: _
Section Two:
For statistical purposes the following information is required.
(Please tick the correct category)
Question One:
Please indicate which age group you are in.
18-30 years __
31-45 years __
46-60 years __
61+ years .
Question Two
How long have you been farming?
1 - 5 years __
6 - 10 years __
11-20 years __
21+ years __
Question Three
Do you:
CAyn t:,e farm .
Lease the farm .
Manage the farm __
Other (specify), _
Thank you for participating in this survey.

